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mm i,xmm&&ft¥m(Dftmtm3iTz>m 1 ^ir]^^ 

#B£»flr3RftB**b&B2©Klttti:, 

mmm i <D^®m tmmm 2 (D^mmt^^m^m 
mm 2 ©KjWtt^Huiaswffl^oTffijKJiJcB-rs^- 

[BXB2] BSHlfitt0£ftBB*BBK::&MTx 

S3 1 a v ^ * k m mmtftMm £ <d >p & < t t - -n £ mm& 
•?zm2&mmm£. 

mm^ntzmm^—^^&^^xmmm2^mmm^m 

iiy53¥BJKM£li8T£^--^fcju i5iB!l!§:£ft£ mCDm 

mm 1 ositB©B!HB£*jwk«iB» 2 (D^mmcDmm 

MttB h <£> ¥MJK £ H ^ 3 5*— * ,fc 5 £ *IT ^ £ 
[B5RS4] v*^©^*— ><DB*SB#¥*fc:.fc5 

huI3v * » k HuiB^^xts k 4 lt mmtz&it^m 

©Mhl^i l^fRl^^iti^^TtuHBvX^CD/1 

1513 v x ^> ©m^©5SM k »|pI "T £ RSfB 4 * b buHB^ 

©m^cD*ffik©IEKtHt"S«*Huf3^iftK:^bTltt 
KWfcrtftffi-rsB 1 ^fyrk, 
HuH3«S*StR©3f^©4Bffl k*TfR]-r £RttH£ W btulB 
Bl;Srafc»oTHR*ftfcB2(0Kit«i:* huH3^5* 

ii5§3§§K m2 Z<ry7<D&th1&mi£&-5\,^X. fJlB^ 
1 6DSi*a©Buf3Sltffii: hu33^ 2 CDKtt«©H&8BK# 



S £>¥®Jg^ tc B8 *r 6 * 4 >R#> 3 * 7 s - y 7 £ ^ 
fc£fc*««i:rs**fflB*#i&. 

i5fB¥ffiS^(cB8^^7 :f --^?:>fci6^)^^^^ii:. 1513 
Ht&£ft£fi5<E> 151331 1 CDSItBOBufBRSJBkBuiBS 
2©S^OfuHBSltffikO¥ffiJS^5|-r^7 :r — 
■^v^T*»6ns^i:*«f«4:"r«*aESaB**ffi. 

im^m6] m&mi ^tzmn^msmm^m^mm^ 
£ ssib^ i * ft k t as* *r 6 * ft 

[0 0 0 1 ] 

^-^kcDffiBTttoMiEtB-ra. 
[0 0 0 2] 

fb£#JS-r 431KH¥8 - 18 4 11 3^tC«\ 
»JK*«b<"r a ^SB^-TStt^^gB^^ 

* -rnzmfiLx ^^\y^)viz mmm. iz «o ^ ^ # 

SRB©BBJK^«fc6>rJc:x iSBKJc^aB^-rs C k 
[0 0 0 3] 

(5) k. gul3^^^©y^ — >©^*^**tR (6) 

mtm^-tzm i ^mz^m^^^mi^mmmt^m 

*fc3£*SaB**B«C*5V^T^ fjfBffl l^fp]i«l?&oT@ 

ts^n, f5f3v^^©m^©^ffik^fR]-r^sitffl4w 

bfc^lcDSIJB (7) S58B^ l^fRifcrfi^-rHtft 
B9IB«**«©BfS©jBBi:*rifiirsSttB** 
bfe»20)Mlt^ (8) mrfBBl^ttBBklctSBir 
IB^ft^jSbT^ SuS3v^^©3f^©aBBi:H5S3^ 1 © 
SltBkCBgBtBfsailfttB-rsBKO^** (I 

my. Ic^ Ixlx Ixz) 1513^ 1 # t&^« cfc S t5 

ia^BtJStTx H3IB«8*aS«©Bf^cD«Bi:Hfft3B2 
©SIJ«k©ffiBt:B-rsHft*ftaraB2©T** 
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* 



(I py > I ck , I xl , 1^) buHBS KD^mZktm 

mm i (D^mmcomm^mmtmmm 2 os»«n©sii3 

(2 6) i:£t£ttfcCh£*S&h-r 

[0 0 0 4] #3SBJ3fcfc£&, V^^7 (5) — 

**S«***K:«fcDfflWte*« (6) izm&TZttt) 

^ * IQffl L T mjHBi£i£*^ ft © E £ T 3 W> 1 £ IrI 

HB**aK:*5V^Tx S5IBv^^©Rff^CD5gMh*ffRlt" 
£KltB**biiu8BS 1 ^fpjtJ&oTHS^nfeS 1 © 

sa*a (7) mm^x&cDFjimwffimt&mmizm 
i*ipj^»orat2^nfcS2 6DSit» (8) gJiB 

iSDTtfeaif S^2CD^^y ri:, huIB^I, S2^f 
* r©«ffl*Xfc:*^T, ifuiBKI 1 cDMSt^cDlufB^ 
ItS BulBS 2 ©Mftgi<£>iiu8BSftffl h ©¥ffiJKH £ B8 

[0 0 0 5] 

fcfr |6]*xttfc. U vx^ 5 hlnl— ffiftki^^T 

x, asttov (^ei^o *^-?«j«^tiSo sjbeh 

©WftSMBIKMU 4 a- 1 4 e^-tifi^t S« *^ 

fir O 5o<Z)«*L/>XgU*«bfe»»^»P L (19 
#JS) £^bT> iB^tR^fcS^l/— h 6±©*ftS 
S*S^15a-15e*I*L, £ -J 5± 
©IH^W 1 4 a- 1 4 e(D^^ — XD^y\y— h 6 
it^ft^o &JH*«««S 1 4 a- 1 4 e it^tl^tlfr 
*bTBfi;*ftTV*5*^ §MI«14a-14e© 
x^|Ri©iH*x*[pi«c*ff bfcfitfi[i|ittx IrI— tf>ifl£*# 

[0 0 0 6]§I«mi:SSKmit SBdlfc 
h^^-^4 fc#fiy$£*lT^£o V^^^^ 



— ^3tCfiV** 5#«fS<**lT:fetK 71/- h^^- 
y^2S:x^|pl^^fi-rsch^J: t», ^*^5_t6D^ 

£tlT£!K -r>&:t)t>x^fp]«81&«9^J:oTvyC^^ 
7=— ^3©x#ft©ffiB*«»U y^fpJ^ffij^l 0 , 

t> C0[h]$e/j h £ ck -5 ^3#|j5jc^tlT V^^o 

[0 0 0 7] 7 P b-b^r-y4lt 71/- h 6 

ojp^A^^fsg-o^^^ffliEb, mmiz-?*t?s*#— 

1RM7, 8ttx^lS»cS<JiUffcS»j8iT-fct), ^<£> 

iiv^^^T 1 — ^3ic^fqibTiaM^n, ^u-fffig 

■5 o 

[0 0 0 8] El 9 fcfc. El 1 CE)*aEffl«**B*»*«HC 
»*>bfc*HSBtt?fc*. KM^PLit jfiiSSl 
4 a- 1 4 e©^n^tl©ffi«*iiabfe^*%ru — 
h 6 tiaft-rs&ft^FAtttEBaFttfc 5 o^S^U > 

^ftibts^mp l tat)br*5 0, 

^^PL©5tett*AXi:^bTV^So H9*e>B8?>^ 
feSX*I^Ilc^&oTBE^9:*^^TV^So 

[0 0 0 9 ] i 1 t:IoTY^^7r-y 3 hru - h 

xl- 1^ lex- ImyN Ipy^T^Icfc^ ctoT^S^tl 

if— **tt, 1 fcH^Sttfelf— A77'J y ^ 1 6 

lfcHS*tlfcSlt«l 6 b, 1 6 dt-S»l, *JiJp 
tivx^Xf-y 3 ^71/- hXf- ix4 hicH^^n 
SIJ«16c, 1 6 eT-KSJU £B8*j£iIbTtf — A 

[OOlOlilifiH-I^ ^F^ff-I xl i:{iy^ 
|Slt:*«:SteBt:*5V^T, vx^Xr-yS^lz-h 
^4fc(Ox*|ql©*B3ttW«:ffiB"fn (KETii) 4 
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— if— ftm«\ tf-A^ry v$ 1 7 atc£ 5 

#sy£ft£^*mte\ fti^nswii 7 b, i 7 

tCH^Lfc^WSil 6 c h 1 7 c iKDmmt, 
7f-^4l:iiLfe^il 6 e i: 1 7 e hCDF^RSli 

GXSItit 1 6 c. 17 cM^U- hX^— f^4±CDS 
ltfflU6e x 1 7e©filii, ^f-y3, 4GD4 5 '0 

[0011] fflggff^fh 1 cx (i N U y v 2 (D&M 

«©U—1f— **HU tf-A^^U v$ 1 8 ate J; t> # 

ti&Klf«18b, 1 8 dT*EitU — #©^m«:v;* 

^3±icHS£ftfcKSJ«i 8 ct-Mu fib 

*CD^iiSS^m^@^^nfcH^l 8 etSW 
U iB3fcS liSB*!! b t K - A ^ 7 U 1 8 af 

il8e h©x*fpl©E§HtASft«|*ns 0 
[0 0 1 2) «lftfflT*IH v tt. ?^^f-s;3t 

V * * ffl g R & 7 h 0) y ;& JrJ CD W n £ if" T %> fa to © *> 
«)©*0t-»So BTSfH^ I py f±PacDm^T*fc 

-T&to^T^I.y (I py ) ffl©l/-if*m«ivx^^ 
^-^3 (7l/-bXr-y*4) Cig^tl^lf-AX 
^'i^l9a (2 0 a) tcj; D 2 ocDftmtC^SI^ft 
l)o C£> 2o(Z)*^©rt0b*-AX7°U 1 9 a (2 

oa) zmmisfrytrnt. v*^*^— ^3 (rv-h 

7f~^4) ±fcE»*tl&A/4«l 9d (2 Od) 
v*^*^— ¥3 (7 4 l/-h^f-^4) ±{C 
BSia^nfcSH"«l 9 b (2 0 b) T?K8tU BtfA/ 
4fil 9 d (2 0 d) *mZ>o A/4«l 9 d (20 
d) *iIofc#3Kfc|\ H-A^7U 1 9 a (2 0 
a) fc % Vy^y^-v 3 (7°l/»fXf-y4) ±£ 
latft^tlfe 3-^^.3.-^1 9 c (2 0 c) tf-A 
19a (2 0 a) £ £^ft^n^lt UT A/ 
4 ffi 1 9 d ( 2 0 d ) *il !) KAflR 19b (20b) T 
SftU A/4« 1 9 d (2 0 d) , tf-AXrU 
19a (20 a) * ^ft^ftii D I v ( I py ) CD 

l/y-^tAMt§o 

[0013] tr-A^^U y * 1 9 a (20a) £ «fc !> 

^sy^nfe^m©rtcotf-A^^u 1 9 a (20 

a) T-±*tCS»*iX&*mtt, A/4«19e (2 0 



e) £iI^SRgi7 (8) fK»U A/4«19e 
(20e) htf-AX7U7^1 9a (20a) 
tlftllO^-t^a-yi 9 c (2 0 c) X'fcM? 
&o 3-^*:x-:71 9 c (2 0 c) T*Klt<**l&;>tem 
tt, tf-Ay^U 1 9 a (20a) tA/4^19 
e (2 0e) £***l-eftiI!K H/^gt 7 (8) XfcM 
LT. A/4tl 9e (20e) £51 1> tf — Ay^U ^ 
9 1 9 a (2 0 a) tS^ntTMI,, (I py ) CD 
ly^>— ^UCAW-TSo dftfclcfctK tf— 2x7>zn)v9 1 
9 a (2 0 a) «C <fc t) 2 o©^mtC^fO$tlfc**tt, 
StftT-AXiry ^19a (2 0 a) T^^tlt^ 
iltl/y-MCAU-rSc 
[0014] liMSTftffl- 1 cktt, iSRi 7 , 8 
LT, -77^^r-y3h7u-f^f-^4h©yJ 

&£>^#ifl ck m© if— ^jftte. t-A^7'j^ 

*2 1 a£.fc *U #«3ft&«;fc*tt^ ^tl^ 

ft»dlfcB«Sn&KlrtK2 1 b, 2 1dt^ltU 
-^O^mi4v^^^7 L -v3±CD^ii2 1 cT-SI* 

u 7x^ffiSRi7t'Mt§o ffe^cD^mii^i^- 

h^7 i -^4±CDSI*«f2 1 eT'MItU 

»J^^2 laf^nTTiU T#ff-I C k<Z>l^>- 
^^AStT^o ^y^X^r — V 3 ^a^bfezi — 

9 c 1 c hCDx^fqJCDP^Plh. 

yxs—v^-vAizmfe^tz^—r^zL—yz o c ^ 
sst^2 i e b<Dxjjfa<Dmmi*m\s<, &L»^<onm 

[0 0 15] »J yS*2(Z>ffi«4xi:U ^X&XT 

-ftifi (Iftif) ^AX (x) hi, y;£fR]CD*g*ftfj 

^es-rtis («-r*x«) £ay (x) >u zwd 

©ffl^«J&^JK-rnS*AT (x) ftZ> 0 SfcffifiR 
§17, 8CD¥HS^^:Ah (x) £TZ><> ¥SJg^Ah 
h(4, ^^^fflSR^7CDMtfffih^°b— h^^R^8 

T'fe^)o ^^P^ft I x ix Ix2> lex- I my^ I py- I ck 
cx- 1 my- 1 py- 1 ck ^— ^- - 

AX (x) = (Ixi+Ixg) /2 (1) 
AT (x) = (I xl - Ixg) /H •••• (2) 

AY (x) =I By -I py -Ah (x) (3) 

[0016]±B (D - (3) 5CcD9t>. (1) a© 
^TtiAXh (2) S©^JSTnATCDffl(i, ^F^l+I 
xi> I^W-WttfrftBi^^fetis. S^c (3) ^CD 

fiBxOSthLT, ©JIWSH 2 5 rt(Of3«S?ll 2 6 
«c»»*ttT*Dx CCD A h (x) hTMl^ I py 
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- y mftx*<Dffi?tiA x tm~rn ay tMmrtiA t \z 
*]-lt. wst 2 5 izx-ox^mn9- 1 i *mm 

[0017] J^TK:. f3ulLRgi 7 , 8 ©¥ISiAh 
(x) ©AR#>*£o^TH£Bj3T£o <T(D¥HH^Ah 
(x) ti\ S«R^7, 8g#;0iIMi:, 
7, 8co^& l-N©Slt)ftitg^^«cS-r^o *HSE^J 

te, -^(C*V^T^SRii7, 8 S^CD^ffiff^^a^u 
W£ai5£U flfc;mc:fcMT£:§l,Rgl7 , 8£^£1£HX 
^ttttfe^©¥ffiS^Ah (x) *««&?Jfcffll5£U 

[o o i 8] ^T*ft-r, §SRi 7 , 8 &fo(ommm 
LfeBtfeSo dotta«±ai^ l^oie^a^HUx «x. 

7, 8CDSS»tt, ^lWfl^UihtO^ilPl- 

[0 0 19] U— if-*3S3 0*&ltai$*l&W— if— 
jfc^tt. bf— A:t*v*^>^3 1 tcj: t)*g*j£W6 
ft, 1/>X3 2^M^¥ff*^h^^ 0 ft^T^— if— 
ftte^ — V X — 3 3 £2KSU B8(i7-f V/ 

jlLT^-V * ^ — 3 3CISc #BSffi3 5©Jlffi3 4 

ffi3 5£jg»bfcU— if— v^^fflftR^7 (X 
tt:TU-bJSSRa8) T*SltU &&&£i£itLT>>N- 
7 ^ ^ — 3 3Cg^ 0 #M3J3 ST-KStbfcl"- if— }fc 
hSR^7 (8) t?S»bfcU— If— *(4T»U 
7<Z7~3 3T^ltU tfttUS3 6tC5i^^o Co UT 
tftJ±lS3 6^<toT#fflS3 5 {3»-rsSR«[7 (8) 

[0 0 2 0] fc**«*«<D;fcfflfcC#V^ SRi7 
(8) (ift<^SC^^f^tl§^ #113 5ct t) 
*S<fcofc»-&£fcJu ;HR@i7 (8) Sr^UTHS 

&«u dco»^ satsTMi^ i Py ^ i 

Sfei2t*(iSRi7 (8) ©S«f£©ffa){-7 
r;-TM4fflv^v^^ tt«#»tt£ftfclR&ft 

[0 0 2 1 ] ifcfc:RRttCD3pHK2l*IB*WlcW-a|-rs 



HSU -r*:t>ft«tt«9-l lttlM&Lfc^. H-ffiiJ* 

tt7XiiSR»8T-Slt-rS{4Sfc, T^at I C k©*^ 
^SR»7XttSRII8T-SIJrsfiZafc©x^[Rl©P^ 
PS^ir^o ftafJ(i*c7)J;atCfTao SRI7, 8©--ig 

C*irUy^2*»»L&i:*© ; F»tH w , I py . I 
ck ©fit^tt-aiJ"r^o fl^T-** U V i> 2 ©fii?:^ j$ff 

§o WTBtKfc, U ^^2c7)fiS^Ly u i(t^Sj-r^ 
rkJc, ^Itl^ I py , I ck ofll* thai "TSo 
[0 0 2 2] «T«#©&»t:, SRa±©K«W3&ti- 
jBffi«ifc*»ST»fH^ I py > I ck ©ftaiJfI^:^ 
ft^ftl,, (i) , I py (i) , I ck (i) tWM-T 

TH-aij^n^©(4. i v (i) . i py (i) . i d (i 
-i) x&z>o *fc, itaaiB^ffiBT-cDT^thcDffi* i 

my ( IK I py ( 1) . I ck (0) £TZ>o 
[0 0 2 3] T^tH^i. Y^^Xr-^3^:^^ 

*|pJ©JE(B*Wa«bT^£o Ifc^otCtl^i^i 

it i ay> ip^tf-awaici^. i^^r^7, 8cr>¥ffia^ 

©[UK) fc, T^fhU-fey M*©*7-fey h 
(i) n-'J>^t$r (i) hi, ^T#f+ 1 

[oo2 4]^iin ayj i py ©tf-a'Jfi©^hbr i 

y (i) 

I, (i) =I By (i) - I py (i) (4) 

I y (i) =1^ (i) ~I py (i) 

= Ah (i) +r (i) +A-B (5) 

(5) sc*. l y (i) {iaiJ^far-ab fi^(4*^r* 

[0 0 2 5 ] SfcTftfUcktt, ifiR!7, 8^^>b 

©ffig^tl*f^a^bTv^Sc ufc^otTMick^it 
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py> 



L^o Lfc^otI ck (i-l) 

I ck (i-l)=Ah(i-l)+r(i)+C 

+ AX (i-1) 4-AT (i-1) -H •••• (6) 

[0026] mrti&xt&m-r tiATte®m&x-$>z> (8) &ttzz> 0 

fr*>. I ck ' £ (7) 5£T?«*"rsi:. (6) SCtt 

I ck ' (i)=I ck (i)-AX(i)-AT(i).H •••• (7) 
I ck ' (i-1) =Ah (i-1) +r (i) +C ••••(8) 
(8) S4\ I ck ' (i-D (iSOSfi-r-fct). £^12 6Mr*iSt5fe«)^ AH* (9) JfSit^ 

*^fe^>o k, A Hte: (5) 5£k (8) (10) SCOcfcStC 

[0 0 2 7] *+iJ'r^2®D-U >^Hgat 

AH (i) = I y (i) - I c / (i-1) ••••(9) 
AH (i) = Ah (i) -Ah (i-1) +A-B-C ■••• (10) 

£T-<7)ft]£S (k) i:U SRffiCDffiMk%»ffc^(a® 
i h^lB-r^h, 



(10) SC*. AH (i) liTMV I py , I ck , 



[0028] AH (i) Oi=l^^i = k (k^l) 

S (i) =AH (1) +AH (2) +-- + AH (i) 
S (i) =Ah (1) -Ah (0) +A-B-C 
+ Ah (2) -Ah (1) +A-B-C 



(11a) 



4- • • • + 

+ Ah (i) -Ah (i- 
= A h (i) -Ah (0) 



i:£So (lib) S (i) fcfc«(|^ffiT-fc!K £ 

S2tt*»n?&£o < it (lib) a; J: ffilit 

Ah (i) =S (i) +Ah (0) 

tt£Z>o i = 0CDh#S (0) =0 t&< ± = 0(D 
t%$> (12) a^oioo 

[0 0 2 9 ] (12) SCCDES*. S ( i ) iiSiJ^fiT* 

Ah (0) k (A-B-C) xi^aatfe 
3o d<D5*>, Ah (0) tefiRje<Bft*ffiHifc^£ 
r»«c:— hTr&3^6> (3) i££ 

©P^SrtllAY (x) (i^fbW. f^^^^X^ 

— v 3 h7 p l/-h^f-^4h©77-f^> 
SCfclc<fc t)RHfc:3Efce>3feV^o — 75, (A-B-C) x 

(DfcM (A-B-C) fc#tf>3«fcB#*S. ^c-e&ic 
(A-B-C) ©Sc^^^^To 
[0 0 3 0] ftfIlXgi:LT, (12) S^CDS 
(i) *»S"rs&»t, ^t^r>'2^2lT§f 

^^r-y3i:7 t l/-hXf-y4 k<DBa>KE"r*lS: A 
Xtt (1) StfcJ:oT««Wfc»»StU x-yS^T- 
©MTtiiAT(i (2) SC«CJ:oT«*Bfl9lc:ffl-«$tt 
Itl^OtnSAX, AT*— ^tcfl^*** 

tlSAYte, ¥ffiSMAh (x) #*»-e&5CD#fc*> 

t\ ^©gsf&fiAh (i) fc**n-efc£fre>, *r*tfl 



1 ) +A-B-C 

+ (A-B-C) x i (i^ 1) 

•••• (lib) 

#tta«R«©¥WJEHAh (i) 



- (A-B-C) x i (i^ 1) 

(12) 

<Dx = 0, L, 2xL, ixL, • - -T'CD^mit 



IpyCDltSiJfl I 



my 



uk i Py (i) *a«-r 



3o «^T'i2lgtUT, (11a) itfclioTS 
(i) £*«>So 

[0 0 3 1 ] S^TiS 3 Xfl k LT, (12) 

(a-b-c) %sc«>5fc«>(c, m3 tzTrs-rm^n-mm 

m<D7U— bXf- fc-fey MT, 10 

□ O^fiS***?^ fib, (1 2) 5t*©S (i) fcfc 
SE»i:*ofcAs. (A-B-C) ii*^T-fc££tf> 
CCD^gfc (A-B-C) ftflsau tfttotifiSR 

Ah (i) =S (i) ••■• (1 3) 

*/H^S. ittStt(CttT-fe-5*e>Ah (i) hA 

h (i+1) ©R5*. lftSCT-ffiPa-TSo "T* 

x=ixL ••••(14) 

[0 0 3 2 ] U#:#oT, »J y 5> 2 #«R*Lt©W- 
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i©g^Ah (x) fct, *3"C-a$n5o 

Ah (x) = [Ah (i + 1 ) 
+ Ah (i) 

^<LT (13) &t (15) SCfc«toTW«RIBCD¥ 

HJKacDB^ttj&saKWfcWftnsfrfe, o) 
[o o 3 3] mstzmMitmmwxz 4 o^u - 

^^>f7-^4 2, 4 3 — M^rix— bmT5^f 
^>hV-^4 4, 4 5#ffiBi*ftT^£o f^V — 94 
2 , 4 3 ; 4 4, 4 5tt, I3i:^5i:, x^fqlh 

[0 0 3 4] VX^7 4 0£>j£S«}fc©&fc\ 
M&TZo 7l/-h4 8lC(i, m 5 ^^^r^dic, SIR 
©y-^4 I0fi^v-^4 9©(^l:, 
^f^>bv-^42 } 4 3 0K|:v-^ (^0^) 

— h^77-f^>hT- ^4 4, 4 5(Dm^ — 9 
4 6, 4 7^g?^nSo ^t'T^^4 0^7'l/-h 
*«t:9 0JKEHB**T, ftlftlV7^^T-^3h 
7l/-b7f-y4l:t7 h U ^^^4 0±CD^^^ 
ffl77-f^>b7-^4 2, 4 3 h. 7U—h 4 8±<D 
7 p l/-hffi77'f^>hv-^gi:v-^4 6 ) 4 7 £: 
077>f^>h^ o «t)t>i^T-^4 2, 4 3 ; 
4 6, 4 7<Dfc#ft*ffi«»»*7^-r * > bRftttl 
2, 1 3fcJ:?)W-illb, «»«9- 1 W 
V-^4 2, 4 3; 4 6, 4 7CDffii^to^ 

[ 0 0 3 5 ] v*£4 0±©v*^ffl:P^>r*> hv-- 
^42, 4 3 i:. 7U-bm7^J h7- ^4 4, 
4 5h(t x, y^flRlfcieT-rtL-rBBarn-CtS Ox 2 
IS|gcD8^fc:tt. ?7^ffl77^>h'?-^42 ) 
43h, 7 U - bffl77>f ^ > h i: 
S(5S6t)f Lfec L/fe*SoT 1 EiacDK3tei: 2@B0 
S7fch©P^T*{i. ?X^ffl77^^ > fv-^ 4 2 , 4 
3^7 , l/-hffl77^^>h7-^4 4, 45h<7)F*SRS 
£W\ ^7.9 4 0 h^lx- h 4 8 h£-T£ LTl^bfe 

[0 0 3 6 ] CCDjgSx 2[g©S^^J;oTf#6tlSlt 

t©Y-^4 i©«4 Bit, me^t^oiz, +^-7 



Ah (i) ] x (x/L-i) 

•••• (15) 

h 4 8 £CD{£grtiM*ML§|< d £££ *K f^*cD+ 

^v— 9 <D?s<DiEi%(D?nm&%nZ)Z z z 

9 — 1 1 ©WflUi, x*iRitttiE«tK:ffl»bT 
y^lRl^ttB^aici^TWiaiUTt^So Lfc# 

ot?- 9 4 1 h^CD^hCOF^^tt, x^flRltti-T*!* 5 
y*|qlfc:*±B^a;lcJ:^T©J{aL&cii:^J:SiR 

i^WfiifMSbSo -T^fc^ 1 [Hg(£>S;)tefc::fc^ 

<> 2 [II g 9 0JKI§H£LTV>*:frS>, 20 

g©R:*^©BBfc:ov>T^;ttt* v-^4Uf©l 

leiBtDflihoDM^tt. y^iRHcr n#&^o 2 m 

B®8#B$0)EBk:-^T\ 7-^4 li:f©2[llSco 
*£©lfflfc:«:, y^fp]^S^S;^<toT^JfflJbfe^h^ 

V — ^7 CD HQ © y # fp] ® IE»*<£> "Ttlfi £ tfSJ f £ d h IZ £ 

[0 0 3 7] *l^i4X|i^LT, fllR (A-B- 
C) £>R#>£o 17iiiii:Y-^4 lCDffiBi** 

*7DyMfcif»ao «t*lRlCDIElft©fSBma 
-Ah (0) + (A-B-C) xi ••••(16) 

^©«3B#«» (A-B-C) h&£ 0 fr< 
It (12) 5£<fc!K PSftR*0*«fl9&¥mft3IAh 
(i) 4jRto5££#T-&5o 

[0 0 3 8] 5&4b\ »3XHK:i3«-S«»«|CE)«I»J4, 
S (i) *«5£bfc«»M^fc;&vvttt, (A-B- 

c) x i&mfthx^2>j&&m^xTE\s\,m&wf?t>ti 

fc*\ s (i) **»feh#cDfhSd^i:--St^^Sc:h^ 
**b^ 0 &if&£l£, S (i) *>R®fr£.gcDm : M& 

«^©*T?iEi*©«ma*siffi-ra ( a - b - 
iE*©«-rtis*sij^-rs stanch, s m ^>t<^^ 

©F^KS*. S (i) £jK#fcfc&©ffMF4IBLfc— »<* 

U y^2©jE**fi©S*ffiB**»SIRfc, 
2 0 @©1*0EST- ^ 4 0 ^ h 7X^4 
0±©v— 24 l&mft&WlZ--mTZ>£Z*>frt>, L 

*i«&^ 0 ^4d^^^c. i niBcDSTt^ 2 ma^^Tth 



- 7 - 



4$gB¥ 10-284416 



[0 0 3 9 ] £tzZ(D£5l£lEVfc®ffi?tlR%:m7E.*?2> 
W-ffl^fc, S (i) ft*#£k£cDff-$J^ft-a£^ 

7£?Z>§tm&£, S (i) ft#fc&fc#©W-a!b£i:ft- 
[0 0 4 0] g=fc, 2|pI©S*^<t^Ty*fqI©{SgT 

nftBttfcKjtffl-ai-rsssicftiT, «#ftfxtorfc. 



(15) SCtJ:oT» e>ttSffiSRa£OD¥ffiJSMcDB^ 
S^fflOt (3) ^£«fcoTSflffl!L&#*>. tt'Jy^ 
2ft^S-TSo f LTV^^6 0±©M©77^^> 
hv-^62k, 6 l±©1g»©:P^>f;rt> h 

* 6 3 k©y#ft©!^ftT^^> 2 
ftflJ^Tthffl-rSo ^©Kk ltaH^TST*(i. 77^f^ 

«!{:77^^>hv-^ 6 2 , 6 3c7)teeft 
81 Ox KtWK:y*lRl©«-«SIRII*^D y h-rnti, 07 

SiAh (i) **WCk#t^So 
[0 0 4 2] mzm 5 xgi: IT, r^SR^CD»^e<j^ 
¥®Jg^Ah (i) fc, T$»T?»8JL&SftR«7, 

lc*5JtSSRtt©^PMl£llAh (x) ft;£tf)3o T^It 
"T?»«Ufcv;**«ftRft7©¥ffi«ftk B (x) h 
U rL/-h^J«R^8©¥MS*k p (x) ht^) 

T*ffl-^fh«!bfci!»t:*»SiflS«Rj»©^HK2l 
Ak (x) B\ 

Ak (x) =k m (x) -k p (x) 

[0043] mmRMcDumm^mmm a h ( i ) 

Ak (x) fccD^jESli, «KH [i, i+1] ri:i:A 
k (x) ^E^JO. *©KH©pWrt?Ah (i) kAh 
(i+1) £lz-MT2>±olz^ Ak (x) fty^fSl^ 

% -r^b^^EracriiicAk (x) ichm-tzfemm 

ftsft (i) i:U &ER8rk£ijD»r£*3Kft]iiag 
(i) t?&£, 
tioTIEIMJau iftllAYIt (13) 

Ah (i) = Ak (x) +sft (i) +mag (i) x (x-ixL) 

[ixL^xg (i+1) XL] •••• (17) 

[0 0 4 4] x=ixLC^^T, 
Ah (i) = A k (ixL) +sft (i) •••• (18) 
*Trfc!)> x= (i+1) xLlZft^T, 

Ah (i+1) =Ak ( (i+1) XL) +sft (i) + mag (i) xL 

(19) 

sft (i) =Ah (i) -Ak (ixL) •••• (20) 
mag (i) = [Ah (i + 1) - Ak ( (i + 1) x L) 

-Ah(i)+Ak(ixL)]/L ••••(21) 

fcttSo xLt*«-6«R«|©j«8««t¥BKa6Ah (x) B\ 
[0 0 4 5 ] Lfe^^Ts ESixLgx^ (i+1) 

Ah (x) = Ak (x) +sft (i) +mag (i) x (x-ixL) 

•••• (2 2) 

k&£ 0 fc£U sft (i) , mag (i) ItJctl^tl (2 [0 0 4 6] V* ZXT — V 3 Lfcn — 

0) , (2 1) ST'M^tl^o S&fc, ^EF^T-sft ^-^l 9 chSlti2 1 c fcGDHPBL, ^^Kiy 

(i) kmag (i) £3&#>ftf£ s tt«©{2Sk:*5(tSja I/- h^r-y 4l:@^Lfe3-+^a-7*2 0 c 

SgM*¥ffiJKHAh (x) ^5:h^^o »«2 1 e fc©HBBL*fflafc:»< U&kSfctt, floft 



£<bT*§Z>o ~?Kt)*>m8 (a) £ (b) iz^-r^o 

M^StSflffl^vX^ 6 0h7l/-b 6 1 £>y^fp]CD 
— iSffiOfcx ^ft^ftmi&CDT^-ry > h V->> 6 2 h7 

7>f ,*> hv-^ 6 aftMHBLTfx^iRilcEau y^ 

^ > h v — ^ 6 3 b^iBH-T^o 6 0 h 

71/- h 6 14^tl^tf?7^^r-^^7*l/-hXf 

-^6 2 lo©77^^> h V— £ 6 2 at 

rix-b 6 1±<D&BL<D7"7<{ *>h-? — # 6 3<Do% 
(D 1 OCDT^-Y ^ > h V — ^> 63a^77^^>M, 
V^^7 6 0±©77^^ > b Y-^ 6 2 b 
6 1±£>T^^> 63b^:77^^>ft6 
dhfCci: 6 OiiT'l/- h 6 1 ©filft^^ff 

5 o 

[0 0 4 1 ] *v^«m«AXtt (1) SMcfcoTIE 
fclfWSPU x-yIflt*0MftliAT(i (2) 3C 



- 8 - 



♦SB 5 ? 10-284416 



Rm.7 , 8 ift©M4aS&5i:SKtf SRi© 
Hv^CW»"ra«Kfl9ft¥m*26Ah (i) i:Ah (i 
+ 1) t(Dm*. 8KIPW5:i:*T'^o 

«bT«-«*n&»^ttt, (2 2) 5£<DEP^ [ixL 
^x^ (i+1) XL] T-M^WAk (x) , ?*£ 
fr*>k B (x) hk p (x) «\ H-©»«-Cf»&ft&* 

[0 0 4 7] 

[12] «R«CDMI»JKfta«WK:W-«-rsi:*©E« 
El 

[03] B^atctoTS usMHsthao-rsfe^^ffl 
[04] wMmmm^zpicm^z^— t^Tte^m 

[15] KUthSlfflv^^cDv— ^Aste^gfjxfc^U- 
b£^?~¥ffi0 

<ri£*0 

[07] S3ftw^#«9rRnH 

[08] B£SC<fcoT£fcSIMS*WW*S&tofcfli 
^SS'J© (a) x^^^^i (b) 

[0 9] Hl©3fe*ffi«**«ftffl^Wt:afcb&«ffl 
0T*fe£ o 

1 — §g£ 2— U W 

3 — y^^t^ — v 4-71/- b^f- 



5 — 



6—71/— h 
8— 71x— hfflSR 

9, 10. ll-ft8MK 12, 13-77-1' 

1 4 a — 1 4 e-7^^i?Sia 15a-15e71/ 

16 a, 17 a. 18 a, 19 a, 2 0 a, 2 1 a — bT 
16b~16e, 17b-17e, 18b-18e-»fi 

mm 

19b, 2 0b, 2 1 b-2 1 e-SStft 
19 c, 2 0 

19d, 19e, 20d, 2 0e-A/4fi 

2 5 -fWffll^B 

3 0 — — tf— 

3 2 — U>X 
3 4 — 

3 6-«ftffl» 

4 0-MMthfiOfflv^^ 
4 2, 43-77^ffl77>f^>h7-^ 

4 4, 4 5-7I/-fffl77^y>hY-^ 

4 6, 4 7-7l/-hffl77^^> Fv-^f^?-^ 

4 8— mMumm^u— v 4 9-v— ^e^v 

5 0— [Hl'SHSS 

6 0— KMU-SOSv^^ 6 l-RMIIffl^ 
62, 63-77^^>hv-^ 



2 6 —fBti^fg 

3 1 — If— 

3 3 —)\—y X "7 — 

3 5 

4 1 ... v _/7 



[02] 



[03] 





- 9 - 



ftm^ 10-2844 





47 




y 



.* NOTICES * 

This patent has been translat d by th Japan Patent Office W b Page located at: 
http://www.jp .go.jp/ . Th Japan Patent Office is not responsible for any damages caus d 
by the use of this translation. 

IThis document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 

Publication No. JP 10-284416 
Filed 04-10-1997 
Publication Date 10-23-1998 
Application No. 09-110484 

Begin Translation: 

CLAIMS 

«ni " i" ■mir-THM i iMr-iii»y-»r~i*TiMin^ mh hmwu mimmh i m ttT m^t mtmmmmmmmmmmmtemm it mmmmmm m m mm mmmmtmmmm m mmmtmmtmmm t ttm mm 

[Claim(s)] 

[Claim 1] The scanned type aligner equipped with the mask which is characterized 
by providing the following and with which the pattern was formed, the projection 
optical system which projects the image of the pattern of the aforementioned mask 
on a sensitization substrate, and the 1st move mechanism in which the 
aforementioned mask and the aforementioned sensitization substrate are moved in 
the 1st direction which synchronizes and intersects perpendicularly with the optical 
axis of the aforementioned projection optical system to the aforementioned 
projection optical system. The 1st reflecting mirror with the reflector which is fixed 
along the 1st direction of the above and counters with the predetermined end face 
of the aforementioned mask. The 2nd reflecting mirror with the reflector which is 
fixed along the 1st direction of the above and counters with the predetermined end 
face of the aforementioned sensitization substrate. The 1st interference system 
which detects the amount about the distance of the predetermined end face of the 
aforementioned mask, and the 1st reflecting mirror of the above according to the 
aforementioned movement by the aforementioned 1st move mechanism. A storage 
means memorize the data about the flatness difference of the aforementioned 
reflector of the 1st reflecting mirror of the above, and the aforementioned reflector 
of the 2nd reflecting mirror of the above called for based on the detection result of 
the 2nd interference system which detects the amount about the distance of the 
predetermined end face of the aforementioned sensitization substrate, and the 2nd 
reflecting mirror of the above, and the 1st interference system of the above and the 
2nd interference system of the above according to the aforementioned movement 
by the aforementioned 1st move mechanism. 

[Claim 2] The scanned type aligner according to claim 1 characterized by providing 
the following. The 2nd move mechanism which moves at least one side of the 
aforementioned mask and the aforementioned sensitization substrate in the 
direction which intersects perpendicularly in the optical axis and the 1st direction of 
the above of the aforementioned projection optical system. Control means which 
control the aforementioned 2nd move mechanism during the aforementioned 
movement by the aforementioned 1st move mechanism based on the 
aforementioned data memorized by the aforementioned storage means. 



[Claim 3] Data concerning [ on a scanned type aligner according to claim 1 and ] 
the aforementioned flatness difference are a scanned type aligner characterized by 
being complemented with the data about the flatness of the aforementioned 
reflector of the 1st reflecting mirror of the above before [ above ] fixation is carried 
out, and the aforementioned reflector of the 2nd reflecting mirror of the above. 
[Claim 4] The scanned type exposure method which is made to move the 
aforementioned mask and the aforementioned sensitization substrate in the 1st 
direction which synchronizes and intersects perpendicularly with the optical axis of 
the aforementioned projection optical system to the aforementioned projection 
optical system, and exposes the image of the pattern of the aforementioned mask 
while projecting the image of the pattern of a mask characterized by providing the 
following on a sensitization substrate by the projection optical system. The 1st 
reflecting mirror which has the predetermined end face of the aforementioned 
mask, and the reflector which counters, and was fixed along the 1st direction of the 
above. The 1st step which detects dispersedly the amount about distance with the 
predetermined end face of the aforementioned mask according to the 
aforementioned movement. The 2nd reflecting mirror which has the predetermined 
end face of the aforementioned sensitization substrate, and the reflector which 
counters, and was fixed along the 1st direction of the above. The 2nd step which 
detects dispersedly the amount about distance with the predetermined end face of 
the aforementioned sensitization substrate according to the aforementioned 
movement, and the step which asks for the data about the flatness difference of 
the aforementioned reflector of the 1st reflecting mirror of the above, and the 
aforementioned reflector of the 2nd reflecting mirror of the above based on the 
above 1st and the detection result of the 2nd step. 

[Claim 5] The step which asks for the data about the aforementioned flatness 
difference in the scanned type exposure method according to claim 4 is the 
scanned type exposure method characterized by asking based on the data about 
the flatness of the aforementioned reflector of the 1st reflecting mirror of the above 
before [ above ] fixation is carried out, and the aforementioned reflector of the 2nd 
reflecting mirror of the above. 

[Claim 6] The scanned type exposure method characterized by including the step 
which moves at least one side of the aforementioned mask and the 
aforementioned sensitization substrate in the direction which intersects 
perpendicularly in the optical axis and the 1st direction of the above of the 
aforementioned projection optical system according to the data about the 
aforementioned flatness difference in the scanned type exposure method 
according to claim 4 or 5 during the aforementioned exposure. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a scanned type 
aligner, and relates to amendment of the position gap with the mask stage and plate stage 
especially in the middle of a scanning. 
[0002] 

[Problem(s) to be Solved by the Invention] The technology which carries out scanning 
exposure is indicated without making severe profile irregularity of the long mirror used as 
the criteria for measuring the relative position gap between the masks about a longitudinal 



direction and plates which intersect perpendicularly with the both sides of the normal of a 
mask, and a scanning direction to Japanese Patent Application No. No. 1841 13 [ eight to ] 
prolonged in the scanning direction, since it corresponds to enlargement of the latest liquid 
crystal substrate, however, in this technology, when the wave of a short period is in a long 
mirror, it is kept highly precise on the level which can disregard the strike slip between a 
mask and a plate — there was un-arranging [ that things did not have the result ] this 
invention makes it a technical problem to offer the scanned type aligner which can carry 
out scanning exposure with high precision, and its technique in view of this trouble, without 
being based on the profile irregularity of a long mirror. 
[0003] 

[Means for Solving the Problem] If it matches and explains to drawing 1 which is made in 
order that this invention may solve the above-mentioned technical problem, and expresses 
one example The mask (5) with which the pattern was formed, and the projection optical 
system which projects the image of the pattern of the aforementioned mask on a 
sensitization substrate (6), In the scanned type aligner equipped with the 1st move 
mechanism in which the aforementioned mask and the aforementioned sensitization 
substrate are moved in the 1st direction which synchronizes and intersects perpendicularly 
with the optical axis of the aforementioned projection optical system to the aforementioned 
projection optical system The 1st reflecting mirror with the reflector which is fixed along 
the 1st direction of the above and counters with the predetermined end face of the 
aforementioned mask (7), The 2nd reflecting mirror with the reflector which is fixed along 
the 1st direction of the above and counters with the predetermined end face of the 
aforementioned sensitization substrate (8), The 1 st interference system which detects the 
amount about the distance of the predetermined end face of the aforementioned mask, and 
the 1st reflecting mirror of the above according to the aforementioned movement by the 
aforementioned 1st move mechanism (Imy, Ick, Ixl, 1x2), The 2nd interference system 
(Ipy, Ick, Ixl, 1x2) which detects the amount about the distance of the predetermined end 
face of the aforementioned sensitization substrate, and the 2nd reflecting mirror of the 
above according to the aforementioned movement by the aforementioned 1 st move 
mechanism, It is the scanned type aligner characterized by establishing a storage means 
(26) to memorize the data about the flatness difference of the aforementioned reflector of 
the 1st reflecting mirror of the above, and the aforementioned reflector of the 2nd reflecting 
mirror of the above called for based on the detection result of the 1st interference system of 
the above, and the 2nd interference system of the above. 
[0004] While this invention projects the image of the pattern of a mask (5) on a 
sensitization substrate (6) by the projection optical system, again In the scanned type 
exposure method which is made to move the aforementioned mask and the aforementioned 
sensitization substrate in the 1st direction which synchronizes and intersects 
perpendicularly with the optical axis of the aforementioned projection optical system to the 
aforementioned projection optical system, and exposes the image of the pattern of the 
aforementioned mask The 1st reflecting mirror which has the predetermined end face of the 
aforementioned mask, and the reflector which counters, and was fixed along the 1 st 
direction of the above (7), The 1st step which detects the amount about distance with the 
predetermined end face of the aforementioned mask according to the aforementioned 
movement, The 2nd reflecting mirror which has the predetermined end face of the 
aforementioned sensitization substrate, and the reflector which counters, and was fixed 
along the 1st direction of the above (8), The 2nd step which detects the amount about 
distance with the predetermined end face of the aforementioned sensitization substrate 
according to the aforementioned movement, It is the scanned type exposure method 
characterized by including the step which asks for the data about the flatness difference of 



the aforementioned reflector of the 1st reflecting mirror of the above, and the 
aforementioned reflector of the 2nd reflecting mirror of the above based on the above 1 st 
and the detection result of the 2nd step. 
[0005] 

[Embodiments of the Invention] The form of operation of this invention is explained using 
a drawing. The outline composition of one example of the scanned type aligner by this 
invention is shown in drawing 1 . In the following explanation, the system of coordinates 
which make a scanning direction, i.e., lengthwise, a x axis, make the y-axis the longitudinal 
direction which intersects perpendicularly in the same field as a mask 5 in a x axis, and 
make the direction of a normal of a mask 5 the z-axis are taken. The lighting light injected 
from the light sources (un-illustrating), such as an extra-high pressure mercury lamp, is led 
to 5 lighting optical system (un-illustrating) through an optical fiber (un-illustrating) etc. 
Each lighting optical system is constituted including a fly eye lens, a field diaphragm (un- 
illustrating), etc., respectively. Each lighting light injected from each lighting optical 
system illuminates uniformly the lighting fields 14a-14e where it differs on a mask 5. Each 
flux of light which passed the mask 5 exposes the exposure fields 1 5a- 1 5e where it differs 
on the plate 6 which is a sensitization substrate through the projection optical system PL 
with the five projection lens sections which perform image formation of actual size 
erection, respectively (refer to drawing 9 ), and carries out image formation of the image of 
the pattern of the lighting fields 14a-14e on a mask 5 on a plate 6 in this way. Although 
each lighting fields 14a-14e are separated, respectively and it is arranged, the addition 
width of face which integrated the width of face of the x directions of each lighting fields 
14a-14e in the x directions is formed so that it may continue in the direction of y with the 
same width of face. 

[0006] Each lighting optical system and each projection optical system are supported with 
the stand 1 . The carriage 2 by which a run drive is carried out is carried in the x directions 
by the driving gear (un-illustrating) at the stand 1, and the mask stage 3 and the plate stage 
4 are held at this carriage 2. The mask 5 is held at the mask stage 3, the plate 6 is held on 
the plate stage 4, and the whole pattern on a mask 5 is imprinted on a plate 6 by scanning 
carriage 2 in the x directions in this way. The mask stage 3 is constituted so that it may be 
supported by carriage 2 through the jogging machines 9-11, namely, the position of the x 
directions of a mask stage 3 may be moved slightly with the x direction jogging machine 9 
and the position of the direction of y of a mask stage 3 and the hand of cut of the 
circumference of the z-axis can be moved slightly with the direction jogging machines 10 
and 1 1 of y. 

[0007] On the other hand, in order to amend the influence of the thickness nonuniformity of 
a plate 6, or an inclination and to make it simultaneously in agreement with the image 
formation side of a mask pattern, the plate stage 4 is supported by carriage 2 through the 
three or more direction jogging machines (un-illustrating) of z, and it is constituted so that 
jogging (auto-focusing) of the direction of z and the degree of tilt angle of the 
circumference of a x axis and the circumference of the y-axis (auto leveling) can be 
adjusted in this way. Moreover, the long mirror 7 for masks and the long mirror 8 for plates 
are being fixed to the stand 1. Both the long picture mirrors 7 and 8 are reflecting mirrors 
prolonged for a long time in the x directions, and the normal of the reflector has turned to 
the direction of y. The long mirror 7 for masks counters a mask stage 3, and is arranged, 
and the long mirror 8 for plates counters the plate stage 4, and is arranged. 
[0008] Drawing 9 is the perspective diagram which expressed the scanned type aligner of 
drawing 1 partially. The projection optical system PL has the five projection lens sections 
arranged alternately in order to project the flux of light which passed through each field of 
the lighting fields 14a-14e on a plate 6. In addition, on behalf of the five projection lens 



sections, it expresses with drawing 9 the projection optical system PL, and the optical axis 
of a projection optical system PL is indicated to be AX. It is arranged along the direction of 
X the long mirror 7 for masks and whose long mirror 8 for plates are the 1st direction 
which intersects perpendicularly with the optical axis AX of a projection optical system PL 
so that clearly from drawing 9 . 

[0009] It returns to drawing 1 and the position and posture of a mask stage 3 and the plate 
stage 4 are supervised as follows by six interferometers Ixl, 1x2, lex, Imy, Ipy, and Ick. The 
differential type interferometer Ixl is first for measuring a relative position gap (vertical 
gap) of the x directions of a mask stage 3 and the plate stage 4. Namely, the laser beam 
bunch injected from the laser light source (un-illustrating) fixed to the stand 1 It is divided 
by beam-splitter 16a fixed to the stand 1, and each divided flux of light Reflect with the 
reflecting mirrors 16b and 16d fixed to the stand 1, respectively, and it is fixed to a mask 
stage 3 and the plate stage 4, respectively, and reflects with reflecting mirrors 16c and 16e. 
It reverses, is compounded by beam-splitter 16a, and interferes in an outward trip, and 
incidence is carried out to the receiver (un-illustrating) of an interferometer Ixl . 
[0010] An interferometer Ixl is for measuring a relative position gap (vertical gap) of the x 
directions of a mask stage 3 and the plate stage 4 in the position where the differential type 
interferometers 1x2 differ in the direction of y. That is, the laser beam bunch for 
interferometer 1x2 is divided by beam-splitter 17a, and it reflects with reflecting mirrors 
17b and 17d, respectively, is fixed to a mask stage 3 and the plate stage 4, respectively, and 
reflects with reflecting mirrors 17c and 17e, and each divided flux of light reverses, is 
compounded by beam-splitter 17a, and carries out incidence of the outward trip to the 
receiver of an interferometer 1x2. In addition, an interval with the reflecting mirrors 16c and 
17c fixed to the mask stage 3 and the interval with the reflecting mirrors 16e and 17e fixed 
to the plate stage 4 are equal, and set this interval to H henceforth. As for the position of the 
reflecting mirrors 16c and 17c on a mask stage 3, and the reflecting mirrors 16e and 17e on 
the plate stage 4, it is desirable that it is in the equal distance from the center of each stages 
3 and 4. 

[001 1] The measured type interferometer lex of the length is for measuring the travel of 
carriage 2. The laser beam bunch for Interferometers lex is divided by beam-splitter 18a, 
and namely, each divided flux of light Reflect with the reflecting mirrors 18b and 18d fixed 
to the stand 1, respectively, and one flux of light is reflected by reflecting mirror 18c fixed 
on the mask stage 3. Reflecting the flux of light of another side by fixed mirror 1 8e fixed to 
the projection optical system, it reverses, is compounded by beam-splitter 18a, and 
interferes in an outward trip, and both the flux of lights carry out incidence to the receiver 
of Interferometer lex. In this way, by Interferometer lex, the distance of the x directions of 
a mask stage 3 and fixed mirror 1 8e is measured. 

[0012] The measured type interferometer Imy of the length is for measuring the distance of 
the direction of y of a mask stage 3 and the long mirror 7 for masks. Moreover, the 
measured type interferometer Ipy of the length is for measuring the distance of the direction 
of y of the plate stage 4 and the long mirror 8 for plates. Since both the interferometers Imy 
and Ipy are the same composition, the explanation about Interferometer Imy is indicated out 
of a parenthesis, and the explanation about Interferometer Ipy is indicated in a parenthesis. 
That is, the laser beam bunch for interference systems Imy (Ipy) is divided into the two flux 
of lights by beam-splitter 19a (20a) fixed to the mask stage 3 (plate stage 4). this — two - a 
** - the flux of light -- inside -- a beam splitter -- 19 — a (20a) — having penetrated the 
flux of light - a mask stage - three (plate stage 4) ~ a top - arranging ~ having had - 
lambda — /-- four - a board — 19 - d (20d) - a passage — a mask stage - three (plate stage 
4) -- a top — arranging — having had — a reflecting mirror — 1 9 — b (20b) — reflecting -- 
again — The flux of light which passed along 19d (20d) of lambda/4 boards Beam-splitter 



1 9a (20a), Cube-corner-reflector 1 9c arranged on the mask stage 3 (plate stage 4) (20c), 
beam-splitter 19a (20a) -- respectively - reflecting — 19d (20d) of lambda/4 boards — a 
passage - reflecting mirror 19b (20b) — reflecting - 19d (20d) of lambda/4 boards, and 
beam-splitter 19a (20a) — respectively - a passage - an interference system Imy (Ipy) — 
incidence is carried out to a receiver 

[0013] the flux of light reflected up by beam-splitter 19a (20a) of the flux of lights divided 
by beam-splitter 19a (20a) ~ lambda / 4 board 19e (20e) - a passage — the long mirror 7 
(8) — reflecting - lambda / 4 board 19e (20e), and beam-splitter 19a (20a) ~ respectively - 
a passage — cube-corner-reflector 19c (20c) - reflecting . the flux of light reflected by 
cube-corner-re flector 19c (20c) - beam-splitter 19a (20a), and lambda/4 board 19e (20e) ~ 
respectively — a passage - the long mirror 7 (8) - reflecting — lambda / 4 board 19e (20e) - 
- a passage - beam-splitter 19a (20a) ~ reflecting - having - an interference system Imy 
(Ipy) — incidence is carried out to a receiver Thereby, the flux of light divided into the two 
flux of lights by beam-splitter 19a (20a) is again compounded by beam-splitter 19a (20a), 
and it interferes in it, and it carries out incidence to a receiver. 

[0014] The differential type interferometer Ick is for measuring a relative position gap of 
the direction of y of a mask stage 3 and the plate stage 4 through both the long picture 
mirrors 7 and 8. That is, the laser beam bunch for Interferometers Ick is divided by beam- 
splitter 21a, each divided flux of light is reflected with the reflecting mirrors 21b and 21 d 
fixed to the stand 1, respectively, it reflects by reflecting mirror 21c on a mask stage 3, and 
one flux of light is reflected in the long mirror 7 for masks. It reflects by reflecting mirror 
21e on the plate stage 4, and the flux of light of another side is reflected in the long mirror 8 
for plates. Both the flux of lights reverse, are compounded by beam-splitter 21a, interfere in 
an outward trip, and carry out incidence to the receiver of Interferometer Ick. In addition, 
the interval of the x directions of cube-corner-reflector 20c and reflecting mirror 21 e which 
were fixed to the interval and the plate stage 4 of the x directions of cube-corner-reflector 
19c and reflecting mirror 21c which were fixed to the mask stage 3 is equal, and sets this 
interval to L henceforth. 

[001 5] The position of carriage 2 is set to x, the relative amount of position gaps of the x 
directions of a mask stage 3 and the plate stage 4 (the amount of vertical gaps) is set to 
deltaX (x), the relative amount of position gaps of the direction of y (the amount of strike 
slips) is set to deltaY (x), and the relative amount of angle gaps of the circumference of the 
z-axis is set to deltaT (x). Moreover, the flatness difference of both the long picture mirrors 
7 and 8 is set to deltah (x). Flatness difference deltah is the relative amount of position gaps 
of the direction of y of the reflector of the long mirror 7 for masks, and the reflector of the 
long mirror 8 for plates (the amount of strike slips). When the measurement value of each 
interferometers Ixl, 1x2, lex, Imy, Ipy, and Ick is expressed as Ixl, 1x2, lex, Imy, Ipy, and 

Ick using the respectively same character, it is deltaX(x) = (Ixl+Ix2)/2 (1) 

deltaT (x) =(Ixl-Ix2)/H .... (2) 
deltaY (x) =Imy-Ipy-deltah (x) .... (3) 
It becomes. 

[0016] The value of angle gap deltaT of vertical gap deltaX of (1) formula and (2) formulas 
is immediately acquired from the measurement value of interferometers Ixl and 1x2 among 
the above-mentioned (1) - (3) formulas. Moreover, about strike slip deltaY of (3) formulas, 
flatness difference deltah is stored in the storage 26 in a control unit 25 as a function of the 
position x of carriage 2, and strike slip deltaY is calculated from this deltah (x) and 
measurement value of Interferometers Imy and Ipy. In this way, the relative physical 
relationship of the mask stage 3 at the time of scanning exposure and the plate stage 4 is 
kept constant by driving the jogging machines 9-1 1 and tuning the position of a mask stage 
3 finely in a x-y side with a control unit 25, to vertical gap deltaX in a x-y side, strike slip 



deltaY, and angle gap deltaT. 

[0017] How to ask below for flatness difference delta[ of both the long picture mirrors 7 
and 8 ] h (x) is explained. This flatness difference deltah (x) is dependent on the installation 
posture to the mirror-plane configuration of each long mirror 7 and 8 the very thing, and the 
stand 1 of each long mirrors 7 and 8. this example measures continuously the mirror-plane 
configuration of each long mirror 7 and 8 the very thing in one side. By measuring 
dispersedly flatness difference delta[ when attaching each long mirrors 7 and 8 in a stand 1 
in another side ] h (x), and interpolating the inside of each section of flatness difference 
deltah for which after an appropriate time was asked dispersedly with the difference of the 
continuous configuration of both the long picture mirrors 7 and 8 It asks for flatness 
difference deltah as a continuous function of x. 

[0018] Then, how to search for continuously the mirror-plane configuration of each long 
mirror 7 and 8 the very thing is explained first. Drawing 2 is drawing having shown the 
outline for measuring continuously the profile irregularity of each long mirrors 7 and 8. It is 
efficient to perform this measurement to serve both as a check and measurement of profile 
irregularity at the time of the polish end of the long mirrors 7 and 8 before the inclusion to a 
stand 1 . Moreover, as for the posture of the long mirrors 7 and 8 at the time of 
measurement, it is desirable to suppose that it is the same as that of the posture when 
including in a stand 1 . 

[0019] The laser beam bunch injected from the laser light source 30 can extend **** with 
the beam expander 31, and serves as a parallel ray through a lens 32. Subsequently, a laser 
beam penetrates a one-way mirror 33, it reflects in respect of [ 35 ] the reference prepared 
in the last side of the Fizeau element, and a part of transmitted light reverses an outward 
trip, and it returns to a one-way mirror 33. The rear face 34 of the reference side 35 is 
coated with the antireflection film. On the other hand, it reflects in the long mirror 7 (or 
long mirror 8 for plates) for masks, and the laser beam which penetrated the reference side 
35 reverses an outward trip, and returns to a one-way mirror 33. It interferes, and reflects 
by the one-way mirror 33, and the laser beam reflected in respect of [ 35 ] reference and the 
laser beam reflected in the long mirror 7 (8) reach a detector 36. In this way, it becomes 
possible to be able to measure the profile irregularity of the long mirror 7 (8) to the 
reference side 35 with a detector 36, namely, to ask for the flatness in the arbitrary points of 
the long mirror 7 (8). 

[0020] In addition, although, as for the long mirror 7 (8), a bird clapper is expected for a 
long time with enlargement of a liquid crystal substrate, when it becomes longer than the 
reference side 35, the whole surface can be measured by shifting the long mirror 7 (8) and 
measuring multiple times. However, it is necessary to make the measure point by the 
interferometers Imy, Ipy, and Ick later mentioned in this case overlap, and to measure. 
Moreover, although the Fizeau interferometer was used for measurement of the profile 
irregularity of the long mirror 7 (8) in drawing 2 , the measurement method was not 
restricted to this. 

[0021] Next, how to measure the flatness difference of a long mirror dispersedly is 
explained. Measurement is measured at every fixed measurement interval L, scanning 
carriage 2. A measurement end fixes a mask stage 3 and the plate stage 4 relatively, 
namely, the jogging machines 9-11 do not drive it. Let the interval L which measures be the 
interval of the x directions of the position which the flux of light of Interferometer Imy or 
Interferometer Ipy reflects in the long mirror 7 or the long mirror 8, and the position which 
the flux of light of Interferometer Ick reflects in the long mirror 7 or the long mirror 8. 
Measurement is performed as follows. The value of the interferometers Imy, Ipy, and Ick 
when moving carriage 2 to the end of the long mirrors 7 and 8 is measured. Subsequently, 
measuring the position of carriage 2 with Interferometer lex, only L moves the position of 



carriage 2 and the value of Interferometers Imy, Ipy, and Ick is measured in the position. 
Like the following, whenever only L moves the position of carriage 2, the value of 
Interferometers Imy, Ipy, and Ick is measured. 

[0022] Below, since it is easy, the measurement value of the interferometers Imy, Ipy, and 
Ick in the dispersed measurement position i on a long mirror is marked as Imy (i), Ipy (i), 
and Ick (i), respectively. That is, when a dispersed position is meant, Variable i is used, and 
Variable x is used when a continuous position is meant. In addition, in the position of the 
same carriage 2, Imy (i), Ipy (i), and Ick (i-1) are measured clearly. Moreover, the value of 
the interferometer in a measurement starting position is set to Imy (1), Ipy (1), and Ick (0). 
[0023] Interferometer Imy is measuring the distance of the direction of y of a mask stage 3 
and the long mirror 7 for masks, and Interferometer Ipy is measuring the distance of the 
direction of y of the plate stage 4 and the long mirror 8 for plates. Therefore, the rolling 
error (rotation of the circumference of a x axis) of carriage 2 and the offset at the time of 
interferometer reset are included in the measurement value of both these interferometers 
Imy and Ipy in addition to flatness difference deltah of both the long picture mirrors 7 and 
8. The flatness difference of both the long picture mirror in the measurement position i is 
set to deltah (i), the amount of rolling is set to r (i), and the offset at the time of reset of both 
the interferometers Imy and Ipy is set to A and B, respectively. 

[0024] It is newly ly(i) **Imy(i)-Ipy about Iy (i) as a difference of the measurement value 

of both the interferometers Imy and Ipy (i) (4) 

A definition materializes the following formula. 

Iy(i)**Imy(iHpy(i) 

= deltah(i)+r(i)+A-B .... (5) 

(5) Among a formula, Iy (i) is measured value and the right-hand side's is strange. 

[0025] Moreover, Interferometer Ick is measuring the position gap of the direction of y of a 

mask stage 3 and the plate stage 4 through both the long picture mirrors 7 and 8. Therefore, 

the position gap resulting from vertical gap deltaX of a mask stage 3 and the plate stage 4 

and angle gap deltaT of the circumference of the z-axis other than the offset C at the time of 

the error r resulting from flatness difference deltah of both the long picture mirrors 7 and 8 

and rolling of carriage 2 and interferometer reset is further included in the measurement 

value of Interferometer Ick. Moreover, the amount of rolling contained in the measurement 

value of the interferometers Imy, Ipy, and Ick measured simultaneously is equal. Therefore, 

Ick (i-1) is expressed with the following formula. 

Ick(i-l) =deltah(i-l) +r (i) +C +deltaX(i-l) +deltaT(i-l) -H .... (6) 

[0026] Since vertical gap deltaX and angle gap deltaT are measured value, if they define 

Ick' by (7) formulas, (6) formulas will turn into (8) formulas. 

Ick'(i) ** - Ick(i)-deltaX(i)-deltaT(i) -H .... (7) 

Ick'(i-l) =deltah(i-l) +r (i) +C .... (8) 

(8) Among a formula, Ick' (i-1) is measured value, and the right-hand side's is strange. 
[0027] Furthermore, if (9) formulas define deltaH in order to eliminate the error r resulting 
from rolling of carriage 2, deltaH will become like (5) formulas and (8) formulas to (10) 
formulas. 

deltaH(i) **Iy(i)-Ick' (i-1) .... (9) 

deltaH(i) =deltah(i)-deltah(i-l)+A-B-C .... (10) 

(10) Among a formula, deltaH (i) is calculated from the measurement value of 
interferometers Imy, Ipy, Ick, Ixl, and 1x2, and the right-hand side's is strange. 
[0028] If the sum from i= 1 to i=k (k>=l) of deltaH (i) is set to S (k) and the position k of a 
long mirror is newly marked as a position i S(i) **deltaH(l)+deltaH [ .. (1 la) ] (2) + .... 
+deltaH (i) 

S(i) =deltah(l)-deltah(0)+A-B-C + deltah(2)-deltah(l)+A-B-C + ... + +deltah(i)-deltah(i- 



1)+A-B-C =deltah(i)-deltah (0) +(A-B-C) xi (i>=l) 
....(lib) 

It becomes, (lib) Among a formula, S (i) is measured value and the right-hand side's is 
strange, flatness difference delta[ of a long mirror / in / a position i / in this way (lib)/ 
from a formula ] / h (i) delta - h(i) =S(i)+deltah(0)-(A-B-C) xi (i>=l) 
....(12) 

It becomes. If it sets with S(0) **0 at the time of i= 0, (12) formulas will be realized also at 
the time of i= 0. 

[0029] (12) Among the right-hand side of a formula, S (i) is measured value and deltah (0) 
and x(A-B-C) i are unknowns. Among these, since deltah (0) is always fixed offset 
irrespective of the measurement position i of a long mirror, it does not become an error by 
amount of strike slips delta[ between a mask stage 3 and the plate stage 4 ] Y's (x)'s not 
changing, namely, carrying out alignment of a mask stage 3 and the plate stage 4 so that 
more clearly than (3) formulas. On the other hand, since x(A-B-C) i changes to alignment 
depending on the position i of a long mirror, it needs to ask for the coefficient (A-B-C). 
Then, how to ask for a coefficient (A-B-C) next is shown. 

[0030] First, as the 1st process, in order to measure S in (12) formulas (i), carriage 2 is 
scanned and the measurement value of each interferometer is measured. At this time, 
amount of vertical gaps deltaX between a mask stage 3 and the plate stage 4 is continuously 
measured by (1) formula like previous statement, and amount of angle gaps deltaT in a x-y 
side can scan carriage 2, keeping constant these amounts delta X and delta T of gaps, since 
it is continuously measured by (2) formulas. However, flatness difference deltah (x) is not 
only strange, but since discrete-value deltah (i) is strange, amount of strike slips deltaY 
cannot keep amount of strike slips deltaY constant. Then, first, carriage 2 is scanned 
without performing adjustment of a strike slip at all, and x= 0 at that time, L, 2xL, ixL, 
the measurement value Imy of Interferometers Imy and Ipy in .. (i), and Ipy (i) are 
measured. Subsequently, as the 2nd process, it asks for S (i) by the formula (1 la). 
[003 1] Subsequently, as the 3rd process, in order to calculate (A-B-C) in (12) formulas, the 
mask 40 for error measurement shown in drawing 3 is set to a mask stage 3, the plate for 
error measurement is set to the plate stage 4, and 1st scanning exposure is performed. 
However, although S in (12) formulas (i) became known, since the coefficient (A-B-C) is 
strange, it disregards this coefficient (A-B-C), namely, it is deltah(i) =S as a provisional 

formula of the flatness difference of both the long picture mirror (i) (13) 

******** Moreover, since i is a discrete value, it interpolates between deltah (i) and deltah 
(i+1) by the primary formula. That is, the relation between the measurement position i and 
the position x of the carriage 2 measured with Interferometer lex is expressed with the 
following formula when the value of the interferometer lex in a measurement starting 
position is set to 0. 
x=ixL .... (14) 

[0032] Therefore, provisional formula delta[ of the flatness difference of both the long 
picture mirror in case carriage 2 is between the measurement position i on a long mirror and 
i+1 ] h (x) is expressed with the following formula. 
deltah(x) = [deltah(i+l)-deltah (i)] x (x/L-i) 
+ deltah (i)....(15) 

Carriage 2 is scanned asking for amount of strike slips deltaY between a mask stage 3 and 
the plate stage 4, and keeping constant this amount of strike slips deltaY by (3) formulas, 
since the estimate of the flatness difference of both the long picture mirror is continuously 
obtained by (13) formulas and (15) formulas in this way. 

[0033] Drawing 3 shows the mask 40 for error measurement, and two or more marks 41 are 
drawn by this mask 40 in the x directions at one train, and are drawn in the direction of y 



again at every interval L. As for the interval of the direction of y of a mark 41 , it is 
desirable to make it in agreement with the measurement interval L in dispersed flatness 
measurement of both the long picture mirror. Drawing 4 shows the enlarged view of one 
mark 41, and is a pattern for exposure position detection. In this drawing, the slash section 
is a shading field and a cross-like portion is a light transmission field. Although the cross 
hair was used for exposure position detection here, what mark may be used as long as it is 
the mark which can detect an exposure position. Moreover, the alignment marks 42 and 43 
for masks of a couple and the alignment marks 44 and 45 for plates of a couple are drawn 
by the mask 40 for error detection, both the marks 42 and 43; — it shifts a little to the both 
sides of x directions and the direction of y, and 44 and 45 are arranged to them, as shown in 
drawing 3 

[0034] A plate is developed after scanning exposure of a mask 40. As shown in a plate 48 
at drawing 5 , the imprint mark (un-illustrating) of the alignment marks 42 and 43 for 
masks and the imprint marks 46 and 47 of the alignment marks 44 and 45 for plates other 
than the imprint mark 49 of two or more marks 41 are imprinted. Subsequently, both a 
mask 40 and a plate are rotated 90 degrees, it sets to a mask stage 3 and the plate stage 4, 
respectively, and alignment of the alignment marks 42 and 43 for masks on a mask 40 and 
the alignment mark imprint marks 46 and 47 for plates on a plate 48 is performed, namely, 
both the marks 42 and 43; — the relative position error of 46 and 47 — the alignment 
microscopes 12 and 13 — measuring — the mark motives 9-11 — driving — both the marks 
42 and 43; — the position of 46 and 47 is doubled and 2nd exposure is performed after an 
appropriate time 

[0035] It shifts in the alignment marks 42 and 43 for masks on a mask 40, the alignment 
marks 44 and 45x for plates, and the direction of y a little, and is arranged, and alignment 
of the alignment marks 42 and 43 for masks and the imprint mark of the alignment mark for 
plates was carried out at the time of the 2nd exposure. Therefore, between the 1 st exposure 
and the 2nd exposure, it means that only the interval of the alignment marks 42 and 43 for 
masks and the alignment marks 44 and 45 for plates had shifted and exposed the mask 40 
and the plate 48. 

[0036] Consequently, the image 49 of two or more marks 41 obtained by two exposure 
turns into an image with two cross hairs, as shown in drawing 6 . The amount of gaps of the 
net between both cross hairs can be known by measuring the interval of both cross hairs 
under a microscope etc., and deducting the amount of position gaps of a mask 40 and a 
plate 48 from this measured value. Control of the jogging machines 9-11 is correctly 
controlled in the x directions, and is controlled by the provisional formula in the direction 
of y here. Therefore, between a mark 41 and its image, there is no gap in the x directions 
and only the error by having controlled by the provisional formula produces a position gap 
in the direction of y. Namely, in the 1st exposure, since there is no gap between a mark 41 
and its image in the x directions and it was rotating 90 degrees at the time of the 2nd 
exposure, speaking of the arrangement at the time of the 2nd exposure, there is no gap 
between a mark 41 and its 1st image in the direction of y. Moreover, between a mark 41 
and its 2nd image, only the error by having controlled by the provisional formula in the 
direction of y produces a position gap about the arrangement at the time of the 2nd 
exposure. Therefore, by measuring the amount of gaps of the net of the direction of y 
between both cross hairs, the error by having controlled by the provisional formula can be 
known. 

[0037] Subsequently, it asks for a coefficient (A-B-C) as the 4th process. Drawing 7 is 
drawing which took the position i of a mark 41 along the horizontal axis, and plotted the 
amount of position gaps of the net of the direction of y, i.e., a longitudinal direction, on the 
vertical axis. The amount of position gaps of lateral net is -deltah(0)+(A-B-C) xi (16) 



Since it becomes, if it asks for a regression line 50 from the point which drawing 7 plotted, 
the inclination will serve as a coefficient (A-B-C). It can ask for dispersed flatness 
difference deltah (i) of both the long picture mirror from (12) formulas in this way. 
[0038] In addition, in each measure point where control of the jogging machine in the 3rd 
process measured S (i), the right control is performed except for the point that x(A-B-C) i is 
disregarded. Therefore, as for the measure point which measures the net amount of strike 
slips, it is desirable to make it in agreement with the measure point when asking for S (i). It 
is because there is a possibility that elements other than x(A-B-C) i may be added when the 
net amount of strike slips is measured points other than the measure point when asking for 
S (i). In order to make in agreement the measure point which measures the net amount of 
strike slips, and the measure point when asking for S (i), it is necessary to make the interval 
of a mark 41 first in agreement with the measurement interval L when asking for S (i). 
Subsequently, what is necessary is to set a mask 40 by arrangement of the 2nd exposure, 
and just to let the place which moved carriage by the integral multiple of L be a criteria 
position from the place whose mark 41 on a mask 40 corresponds with an exposure 
position, in case you decide the criteria position of the scanning direction of carriage 2, in 
order to make the measure point itself in agreement. In addition, naturally you may reverse 
the sequence of the 1st exposure and the 2nd exposure. 

[0039] Moreover, when the measure point which measures the net amount of strike slips in 
this way, and the measure point when asking for S (i) are made in agreement, especially 
control of the jogging machine in the mid-position of each measure point does not pose a 
problem. Therefore, although between each measure point was only interpolated to 
alignment in this example, between each measure point can also be interpolated according 
to the actual flatness difference of both the long picture mirror, for example. Thus, the 
technique of interpolating between each measure point according to the actual flatness 
difference of both the long picture mirror is effective when it is difficult to make in 
agreement the measure point which measures the net amount of strike slips, and the 
measure point when asking for S (i). 

[0040] Moreover, by two exposure, it can replace with the method of measuring a position 
gap of the direction of y dispersedly, and a position gap of the direction of y can also be 
measured dispersedly as follows, without exposing. That is, as it is indicated in (b) as 
drawing 8 (a), to the mask [ for error measurement ] 60, and end side of the direction of y 
of a plate 61, two or more alignment marks 62 and alignment marks 63 are arranged in the 
x directions at intervals of L, respectively, and alignment mark 62b and alignment mark 
63b are arranged at the other end side of the direction of y, respectively. Positioning of a 
mask 60 and a plate 61 is performed by setting this mask 60 and plate 61 to a mask stage 
and a plate stage, respectively, carrying out alignment of one alignment mark 62a of two or 
more alignment marks 62 on a mask 60, and the one alignment mark 63a of two or more 
alignment marks 63 on a plate 61, and carrying out alignment of alignment mark 62b on a 
mask 60, and the alignment mark 63 b on a plate 61 . 

[0041] Subsequently, amount of vertical gaps deltaX is correctly controlled by (1) formula, 
amount of angle gaps deltaT in a x-y side is correctly controlled by (2) formulas, and 
amount of strike slips deltaY scans carriage 2, controlling by (3) formulas using the 
provisional formula of the flatness difference of both the long picture mirror obtained by 
(13) formulas and (1 5) formulas. And the error of the direction of y of two or more 
alignment marks 62 on a mask 60 and two or more alignment marks 63 on a plate 61 is 
measured using the alignment microscope 12. A measurement end does not amend the error 
measured under the alignment microscope 12 in that case. If the position of the alignment 
marks 62 and 63 is taken along a horizontal axis and the measurement error of the direction 
of y is plotted on a vertical axis after an appropriate time, since the same result as drawing 



» 



7 is obtained, it can ask for dispersed flatness difference deltah (i) of both the long picture 
mirror. 

[0042] Next, it asks for flatness difference delta[ of the long mirror in arbitrary positions ] h 
(x) by compounding the mirror-plane configuration of each long mirror 7 and 8 the very 
thing measured with dispersed flatness difference deltah (i) and the interferometer of both 
the long picture mirror as the 5th process. When flatness of the mask side long picture 
mirror 7 measured with the interferometer is set to km (x) and flatness of the plate side long 
picture mirror 8 is set to kp (x), flatness difference delta[ of both the long picture mirror in 
the posture measured with the interferometer ] k (x) is deltak(x) =km(x)-kp (x). 
It becomes. 

[0043] Composition with flatness difference delta[ of both the long picture mirror in the 
posture measured with dispersed flatness difference deltah (i) and the interferometer of both 
the long picture mirror ] k (x) each section [— it carries out by moving deltak (x) in the 
direction of y, and expanding or reducing in the direction of y so that deltak (x) may be 
divided into every i and i+1] and it may be in agreement with deltah (i) and deltah (i+1) at 
the ends of the section namely, — if movement magnitude added to deltak (x) for every 
section is set to sft (i) and the inclination added for every section is set to mag (i) delta — 
h(i) =deltak(x)+sft(i)+mag(i) x (x-ixL) 
[ixL<=x<=(i+l) xL] ....(17) 
It becomes. 

[0044] In x=ixL deltah(i) =deltak(ixL)+sft (i) .... (18) 

coming out - it is - x=(i+l) xL -- setting — delta - h(i+l) =deltak(i+l) (xL)+sft(i)+mag(i) 
xL....(19) 

Since come out and it is sft(i) =deltah(i)-deltak (ixL) .... (20) 
mag(i) =[deltah(i+l)-deltak (i+1) (xL) 
- DeltaH (I) +DeltaK(IxL)]/L .... (21) 
It becomes. 

[0045] therefore, continuous flatness difference deltah (x) of the long mirror in section 
ixL<=x<=(i+l) xL delta - h(x) =deltak(x)+sft(i)+mag(i) x (x-ixL) 
.... (22) 

It becomes. However, sft (i) and mag (i) are given by (20) and (21) formulas, respectively. 
Furthermore, if sft (i) and mag (i) are calculated by the entire interval, it can ask for 
continuous flatness difference deltah (x) in arbitrary positions. 

[0046] In addition, the interval L of cube-corner-reflector 19c and reflecting mirror 21c 
which were fixed to the mask stage 3 or when the interval L of cube-corner-reflector 20c 
and reflecting mirror 21e which were fixed to the plate stage 4 is narrowed fairly Between 
dispersed flatness difference deltah (i) and deltah (i+1) of a long mirror which adjoin 
mutually can also be interpolated to alignment, without measuring continuously the 
configuration of both the long picture mirror 7 and 8 the very thing. Moreover, when the 
continuous flatness of a long mirror divides and is measured by enlargement of a long 
mirror, as for deltak used in the section [ixL<=x<=(i+l) xL] of (22) formulas (x), i.e., km, 
(x), and kp (x), what was obtained by the same measurement is desirable. 
[0047] 

[Effect of the Invention] As mentioned above, according to the scanned type aligner and 
measuring method by this invention, a high exposure precision can be secured, without 
being dependent on the flatness of a long mirror. 



TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to a scanned type 
aligner, and relates to amendment of the position gap with the mask stage and plate stage 
especially in the middle of a scanning. 

EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, according to the scanned type aligner and 
measuring method by this invention, a high exposure precision can be secured, without 
being dependent on the flatness of a long mirror. 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The technology which carries out scanning 
exposure is indicated without making severe profile irregularity of the long mirror used as 
the criteria for measuring the relative position gap between the masks about a longitudinal 
direction and plates which intersect perpendicularly with the both sides of the normal of a 
mask, and a scanning direction to Japanese Patent Application No. No. 1 841 13 [ eight to ] 
prolonged in the scanning direction, since it corresponds to enlargement of the latest liquid 
crystal substrate, however, in this technology, when the wave of a short period is in a long 
mirror, it is kept highly precise on the level which can disregard the strike slip between a 
mask and a plate — there was un-arranging [ that things did not have the result ] this 
invention makes it a technical problem to offer the scanned type aligner which can carry 
out scanning exposure with high precision, and its technique in view of this trouble, without 
being based on the profile irregularity of a long mirror. 

MEANS 



[Means for Solving the Problem] If it matches and explains to drawing 1 which is made in 
order that this invention may solve the above-mentioned technical problem, and expresses 
one example The mask (5) with which the pattern was formed, and the projection optical 
system which projects the image of the pattern of the aforementioned mask on a 
sensitization substrate (6), In the scanned type aligner equipped with the 1st move 
mechanism in which the aforementioned mask and the aforementioned sensitization 
substrate are moved in the 1st direction which synchronizes and intersects perpendicularly 
with the optical axis of the aforementioned projection optical system to the aforementioned 
projection optical system The 1st reflecting mirror with the reflector which is fixed along 
the 1st direction of the above and counters with the predetermined end face of the 
aforementioned mask (7), The 2nd reflecting mirror with the reflector which is fixed along 
the 1st direction of the above and counters with the predetermined end face of the 
aforementioned sensitization substrate (8), The 1 st interference system which detects the 
amount about the distance of the predetermined end face of the aforementioned mask, and 
the 1st reflecting mirror of the above according to the aforementioned movement by the 
aforementioned 1st move mechanism (Imy, Ick, Ixl, 1x2), The 2nd interference system 
(Ipy, Ick, Ixl, 1x2) which detects the amount about the distance of the predetermined end 
face of the aforementioned sensitization substrate, and the 2nd reflecting mirror of the 
above according to the aforementioned movement by the aforementioned 1st move 
mechanism, It is the scanned type aligner characterized by establishing a storage means 
(26) to memorize the data about the flatness difference of the aforementioned reflector of 
the 1st reflecting mirror of the above, and the aforementioned reflector of the 2nd reflecting 
mirror of the above called for based on the detection result of the 1 st interference system of 



the above, and the 2nd interference system of the above. 
[0004] While this invention projects the image of the pattern of a mask (5) on a 
sensitization substrate (6) by the projection optical system, again In the scanned type 
exposure method which is made to move the aforementioned mask and the aforementioned 
sensitization substrate in the 1st direction which synchronizes and intersects 
perpendicularly with the optical axis of the aforementioned projection optical system to the 
aforementioned projection optical system, and exposes the image of the pattern of the 
aforementioned mask The 1st reflecting mirror which has the predetermined end face of the 
aforementioned mask, and the reflector which counters, and was fixed along the 1st 
direction of the above (7), The 1 st step which detects the amount about distance with the 
predetermined end face of the aforementioned mask according to the aforementioned 
movement, The 2nd reflecting mirror which has the predetermined end face of the 
aforementioned sensitization substrate, and the reflector which counters, and was fixed 
along the 1 st direction of the above (8), The 2nd step which detects the amount about 
distance with the predetermined end face of the aforementioned sensitization substrate 
according to the aforementioned movement, It is the scanned type exposure method 
characterized by including the step which asks for the data about the flatness difference of 
the aforementioned reflector of the 1 st reflecting mirror of the above, and the 
aforementioned reflector of the 2nd reflecting mirror of the above based on the above 1 st 
and the detection result of the 2nd step. 
[0005] 

[Embodiments of the Invention] The gestalt of operation of this invention is explained 
using a drawing. The outline composition of one example of the scanned type aligner by 
this invention is shown in drawing 1 . In the following explanation, the system of 
coordinates which make a scanning direction, i.e., lengthwise, a x axis, make the y-axis the 
longitudinal direction which intersects perpendicularly in the same field as a mask 5 in a x 
axis, and make the direction of a normal of a mask 5 the z-axis are taken. The lighting light 
injected from the light sources (un-illustrating), such as an extra-high pressure mercury 
lamp, is led to 5 lighting optical system (un-illustrating) through an optical fiber (un- 
illustrating) etc. Each lighting optical system is constituted including a fly eye lens, a field 
diaphragm (un-illustrating), etc., respectively. Each lighting light injected from each 
lighting optical system illuminates uniformly the lighting fields 14a-14e where it differs on 
a mask 5. Each flux of light which passed the mask 5 exposes the exposure fields 15a-15e 
where it differs on the plate 6 which is a sensitization substrate through the projection 
optical system PL with the five projection lens sections which perform image formation of 
actual size erection, respectively (refer to drawing 9 ), and carries out image formation of 
the image of the pattern of the lighting fields 14a-14e on a mask 5 on a plate 6 in this way. 
Although each lighting fields 14a-14e are separated, respectively and it is arranged, the 
addition width of face which integrated the width of face of the x directions of each lighting 
fields 14a-14e in the x directions is formed so that it may continue in the direction of y with 
the same width of face. 

[0006] Each lighting optical system and each projection optical system are supported with 
the stand 1. The carriage 2 by which a run drive is carried out is carried in the x directions 
by the driving gear (un-illustrating) at the stand 1, and the mask stage 3 and the plate stage 
4 are held at this carriage 2. The mask 5 is held at the mask stage 3, the plate 6 is held on 
the plate stage 4, and the whole pattern on a mask 5 is imprinted on a plate 6 by scanning 
carriage 2 in the x directions in this way. The mask stage 3 is constituted so that it may be 
supported by carriage 2 through the jogging machines 9-11, namely, the position of the x 
directions of a mask stage 3 may be moved slightly with the x direction jogging machine 9 
and the position of the direction of y of a mask stage 3 and the hand of cut of the 



circumference of the z-axis can be moved slightly with the direction jogging machines 10 
and 11 of y. 

[0007] On the other hand, in order to amend the influence of the thickness nonuniformity of 
a plate 6, or an inclination and to make it simultaneously in agreement with the image 
formation side of a mask pattern, the plate stage 4 is supported by carriage 2 through the 
three or more direction jogging machines (un-illustrating) of z, and it is constituted so that 
jogging (auto-focusing) of the direction of z and the degree of tilt angle of the 
circumference of a x axis and the circumference of the y-axis (auto leveling) can be 
adjusted in this way. Moreover, the long mirror 7 for masks and the long mirror 8 for plates 
are being fixed to the stand 1 . Both the long picture mirrors 7 and 8 are reflecting mirrors 
prolonged for a long time in the x directions, and the normal of the reflector has turned to 
the direction of y. The long mirror 7 for masks counters a mask stage 3, and is arranged, 
and the long mirror 8 for plates counters the plate stage 4, and is arranged. 
[0008] Drawing 9 is the perspective diagram which expressed the scanned type aligner of 
drawing 1 partially. The projection optical system PL has the five projection lens sections 
arranged alternately in order to project the flux of light which passed through each field of 
the lighting fields 14a-14e on a plate 6. In addition, on behalf of the five projection lens 
sections, it expresses with drawing 9 the projection optical system PL, and the optical axis 
of a projection optical system PL is indicated to be AX. It is arranged along the direction of 
X the long mirror 7 for masks and whose long mirror 8 for plates are the 1st direction 
which intersects perpendicularly with the optical axis AX of a projection optical system PL 
so that clearly from drawing 9 . 

[0009] It returns to drawing 1 and the position and posture of a mask stage 3 and the plate 
stage 4 are supervised as follows by six interferometers Ixl, 1x2, lex, Imy, Ipy, and Ick. The 
differential type interferometer Ixl is first for measuring a relative position gap (vertical 
gap) of the x directions of a mask stage 3 and the plate stage 4. Namely, the laser beam 
bunch injected from the laser light source (un-illustrating) fixed to the stand 1 It is divided 
by beam-splitter 16a fixed to the stand 1, and each divided flux of light Reflect with the 
reflecting mirrors 16b and 16d fixed to the stand 1, respectively, and it is fixed to a mask 
stage 3 and the plate stage 4, respectively, and reflects with reflecting mirrors 16c and 16e. 
It reverses, is compounded by beam-splitter 16a, and interferes in an outward trip, and 
incidence is carried out to the receiver (un-illustrating) of an interferometer Ixl. 
[0010] An interferometer Ixl is for measuring a relative position gap (vertical gap) of the x 
directions of a mask stage 3 and the plate stage 4 in the position where the differential type 
interferometers 1x2 differ in the direction of y. That is, the laser beam bunch for 
interferometer 1x2 is divided by beam-splitter 17a, and it reflects with reflecting mirrors 
17b and 17d, respectively, is fixed to a mask stage 3 and the plate stage 4, respectively, and 
reflects with reflecting mirrors 17c and 17e, and each divided flux of light reverses, is 
compounded by beam-splitter 17a, and carries out incidence of the outward trip to the 
receiver of an interferometer 1x2. In addition, an interval with the reflecting mirrors 16c and 
17c fixed to the mask stage 3 and the interval with the reflecting mirrors 16e and 17e fixed 
to the plate stage 4 are equal, and set this interval to H henceforth. As for the position of the 
reflecting mirrors 16c and 17c on a mask stage 3, and the reflecting mirrors 16e and 17e on 
the plate stage 4, it is desirable that it is in the equal distance from the center of each stages 
3 and 4. 

[001 1] The measured type interferometer lex of the length is for measuring the travel of 
carriage 2. The laser beam bunch for Interferometers lex is divided by beam-splitter 18a, 
and namely, each divided flux of light Reflect with the reflecting mirrors 18b and 18d fixed 
to the stand 1, respectively, and one flux of light is reflected by reflecting mirror 18c fixed 
on the mask stage 3. Reflecting the flux of light of another side by fixed mirror 1 8e fixed to 



the projection optical system, it reverses, is compounded by beam-splitter 18a, and 
interferes in an outward trip, and both the flux of lights carry out incidence to the receiver 
of Interferometer lex. In this way, by Interferometer lex, the distance of the x directions of 
a mask stage 3 and fixed mirror 18e is measured. 

[0012] The measured type interferometer Imy of the length is for measuring the distance of 
the direction of y of a mask stage 3 and the long mirror 7 for masks. Moreover, the 
measured type interferometer Ipy of the length is for measuring the distance of the direction 
of y of the plate stage 4 and the long mirror 8 for plates. Since both the interferometers Imy 
and Ipy are the same composition, the explanation about Interferometer Imy is indicated out 
of a parenthesis, and the explanation about Interferometer Ipy is indicated in a parenthesis. 
That is, the laser beam bunch for interference systems Imy (Ipy) is divided into the two flux 
of lights by beam-splitter 19a (20a) fixed to the mask stage 3 (plate stage 4). this - two — a 
** - the flux of light « inside - a beam splitter 1 9 - a (20a) - having penetrated - the 
flux of light - a mask stage — three (plate stage 4) - a top — arranging - having had - 
lambda - /— four — a board — 19 — d (20d) — a passage - a mask stage — three (plate stage 
4) - a top - arranging - having had — a reflecting mirror - 19 — b (20b) - reflecting - 
again -- The flux of light which passed along 19d (20d) of lambda/4 boards Beam-splitter 
19a (20a), Cube-corner-reflector 19c arranged on the mask stage 3 (plate stage 4) (20c), 
beam-splitter 19a (20a) - respectively - reflecting — 19d (20d) of lambda/4 boards — a 
passage - reflecting mirror 19b (20b) - reflecting - 19d (20d) of lambda/4 boards, and 
beam-splitter 19a (20a) - respectively - a passage « an interference system Imy (Ipy) ~ 
incidence is carried out to a receiver 

[0013] the flux of light reflected up by beam-splitter 19a (20a) of the flux of lights divided 
by beam-splitter 19a (20a) - lambda / 4 board 19e (20e) - a passage - the long mirror 7 
(8) - reflecting - lambda / 4 board 19e (20e), and beam-splitter 19a (20a) - respectively - 
a passage - cube-corner-reflector 19c (20c) - reflecting . the flux of light reflected by 
cube-corner-reflector 19c (20c) — beam-splitter 19a (20a), and lambda/4 board 19e (20e) — 
respectively ~ a passage -- the long mirror 7 (8) ~ reflecting ~ lambda / 4 board 1 9e (20e) - 
- a passage - beam-splitter 19a (20a) - reflecting - having - an interference system Imy 
(Ipy) — incidence is carried out to a receiver Thereby, the flux of light divided into the two 
flux of lights by beam-splitter 19a (20a) is again compounded by beam-splitter 19a (20a), 
and it interferes in it, and it carries out incidence to a receiver. 

[0014] The differential type interferometer Ick is for measuring a relative position gap of 
the direction of y of a mask stage 3 and the plate stage 4 through both the long picture 
mirrors 7 and 8. That is, the laser beam bunch for Interferometers Ick is divided by beam- 
splitter 21a, each divided flux of light is reflected with the reflecting mirrors 21b and 21d 
fixed to the stand 1, respectively, it reflects by reflecting mirror 21c on a mask stage 3, and 
one flux of light is reflected in the long mirror 7 for masks. It reflects by reflecting mirror 
21e on the plate stage 4, and the flux of light of another side is reflected in the long mirror 8 
for plates. Both the flux of lights reverse, are compounded by beam-splitter 21a, interfere in 
an outward trip, and carry out incidence to the receiver of Interferometer Ick. In addition, 
the interval of the x directions of cube-corner-reflector 20c and reflecting mirror 21 e which 
were fixed to the interval and the plate stage 4 of the x directions of cube-corner-reflector 
19c and reflecting mirror 21c which were fixed to the mask stage 3 is equal, and sets this 
interval to L henceforth. 

[0015] The position of carriage 2 is set to x, the relative amount of position gaps of the x 
directions of a mask stage 3 and the plate stage 4 (the amount of vertical gaps) is set to 
deltaX (x), the relative amount of position gaps of the direction of y (the amount of strike 
slips) is set to deltaY (x), and the relative amount of angle gaps of the circumference of the 
z-axis is set to deltaT (x). Moreover, the flatness difference of both the long picture mirrors 



7 and 8 is set to deltah (x). Flatness difference deltah is the relative amount of position gaps 
of the direction of y of the reflector of the long mirror 7 for masks, and the reflector of the 
long mirror 8 for plates (the amount of strike slips). When the measurement value of each 
interferometers Ixl, 1x2, lex, Imy, Ipy, and Ick is expressed as Ixl, 1x2, lex, Imy, Ipy, and 

Ick using the respectively same character, it is deltaX(x) = (Ixl+Ix2)/2 (1) 

deltaT (x) =(hd-Ix2)/H .... (2) 
deltaY (x) =Imy-Ipy-deltah (x) .... (3) 
It becomes. 

[0016] The value of angle gap deltaT of vertical gap deltaX of (1) formula and (2) formulas 
is immediately acquired from the measurement value of interferometers Ixl and 1x2 among 
the above-mentioned (1) - (3) formulas. Moreover, about strike slip deltaY of (3) formulas, 
flatness difference deltah is stored in the storage 26 in a control unit 25 as a function of the 
position x of carriage 2, and strike slip deltaY is calculated from this deltah (x) and 
measurement value of Interferometers Imy and Ipy. In this way, the relative physical 
relationship of the mask stage 3 at the time of scanning exposure and the plate stage 4 is 
kept constant by driving the jogging machines 9-1 1 and tuning the position of a mask stage 
3 finely in a x-y side with a control unit 25, to vertical gap deltaX in a x-y side, strike slip 
deltaY, and angle gap deltaT. 

[0017] How to ask below for flatness difference delta[ of both the long picture mirrors 7 
and 8 ] h (x) is explained. This flatness difference deltah (x) is dependent on the installation 
posture to the mirror-plane configuration of each long mirror 7 and 8 the very thing, and the 
stand 1 of each long mirrors 7 and 8. this example measures continuously the mirror-plane 
configuration of each long mirror 7 and 8 the very thing in one side. By measuring 
dispersedly flatness difference delta[ when attaching each long mirrors 7 and 8 in a stand 1 
in another side ] h (x), and interpolating the inside of each section of flatness difference 
deltah for which after an appropriate time was asked dispersedly with the difference of the 
continuous configuration of both the long picture mirrors 7 and 8 It asks for flatness 
difference deltah as a continuous function of x. 

[0018] Then, how to search for continuously the mirror-plane configuration of each long 
mirror 7 and 8 the very thing is explained first. Drawing 2 is drawing having shown the 
outline for measuring continuously the profile irregularity of each long mirrors 7 and 8. It is 
efficient to perform this measurement to serve both as a check and measurement of profile 
irregularity at the time of the polish end of the long mirrors 7 and 8 before the inclusion to a 
stand 1 . Moreover, as for the posture of the long mirrors 7 and 8 at the time of 
measurement, it is desirable to suppose that it is the same as that of the posture when 
including in a stand 1. 

[0019] The laser beam bunch injected from the laser light source 30 can extend **** with 
the beam expander 31, and serves as a parallel ray through a lens 32. Subsequently, a laser 
beam penetrates a one-way mirror 33, it reflects in respect of [ 35 ] the reference prepared 
in the last side of the Fizeau element, and a part of transmitted light reverses an outward 
trip, and it returns to a one-way mirror 33. The rear face 34 of the reference side 35 is 
coated with the antireflection film. On the other hand, it reflects in the long mirror 7 (or 
long mirror 8 for plates) for masks, and the laser beam which penetrated the reference side 
35 reverses an outward trip, and returns to a one-way mirror 33. It interferes, and reflects 
by the one-way mirror 33, and the laser beam reflected in respect of [ 35 ] reference and the 
laser beam reflected in the long mirror 7 (8) reach a detector 36. In this way, it becomes 
possible to be able to measure the profile irregularity of the long mirror 7 (8) to the 
reference side 35 with a detector 36, namely, to ask for the flatness in the arbitrary points of 
the long mirror 7 (8). 

[0020] In addition, although, as for the long mirror 7 (8), a bird clapper is expected for a 



long time with enlargement of a liquid crystal substrate, when it becomes longer than the 
reference side 35, the whole surface can be measured by shifting the long mirror 7 (8) and 
measuring multiple times. However, it is necessary to make the measure point by the 
interferometers Imy, Ipy, and Ick later mentioned in this case overlap, and to measure. 
Moreover, although the Fizeau interferometer was used for measurement of the profile 
irregularity of the long mirror 7 (8) in drawing 2 , the measurement method was not 
restricted to this. 

[0021] Next, how to measure the flatness difference of a long mirror dispersedly is 
explained. Measurement is measured at every fixed measurement interval L, scanning 
carriage 2. A measurement end fixes a mask stage 3 and the plate stage 4 relatively, 
namely, the jogging machines 9-1 1 do not drive it. Let the interval L which measures be the 
interval of the x directions of the position which the flux of light of Interferometer Imy or 
Interferometer Ipy reflects in the long mirror 7 or the long mirror 8, and the position which 
the flux of light of Interferometer Ick reflects in the long mirror 7 or the long mirror 8. 
Measurement is performed as follows. The value of the interferometers Imy, Ipy, and Ick 
when moving carriage 2 to the end of the long mirrors 7 and 8 is measured. Subsequently, 
measuring the position of carriage 2 with Interferometer lex, only L moves the position of 
carriage 2 and the value of Interferometers Imy, Ipy, and Ick is measured in the position. 
Like the following, whenever only L moves the position of carriage 2, the value of 
Interferometers Imy, Ipy, and Ick is measured. 

[0022] Below, since it is easy, the measurement value of the interferometers Imy, Ipy, and 
Ick in the dispersed measurement position i on a long mirror is marked as Imy (i), Ipy (i), 
and Ick (i), respectively. That is, when a dispersed position is meant, Variable i is used, and 
Variable x is used when a continuous position is meant. In addition, in the position of the 
same carriage 2, Imy (i), Ipy (i), and Ick (i-1) are measured clearly. Moreover, the value of 
the interferometer in a measurement starting position is set to Imy (1), Ipy (1), and Ick (0). 
[0023] Interferometer Imy is measuring the distance of the direction of y of a mask stage 3 
and the long mirror 7 for masks, and Interferometer Ipy is measuring the distance of the 
direction of y of the plate stage 4 and the long mirror 8 for plates. Therefore, the rolling 
error (rotation of the circumference of a x axis) of carriage 2 and the offset at the time of 
interferometer reset are included in the measurement value of both these interferometers 
Imy and Ipy in addition to flatness difference deltah of both the long picture mirrors 7 and 
8. The flatness difference of both the long picture mirror in the measurement position i is 
set to deltah (i), the amount of rolling is set to r (i), and the offset at the time of reset of both 
the interferometers Imy and Ipy is set to A and B, respectively. 

[0024] It is newly Iy(i) **Imy(i)-Ipy about Iy (i) as a difference of the measurement value 

of both the interferometers Imy and Ipy (i) (4) 

A definition materializes the following formula. 

Iy(i)**Imy(iHpy(i) 

= deltah(i)+r(i)+A-B .... (5) 

(5) Among a formula, Iy (i) is measured value and the right-hand side's is strange. 
[0025] Moreover, Interferometer Ick is measuring the position gap of the direction of y of a 
mask stage 3 and the plate stage 4 through both the long picture mirrors 7 and 8. Therefore, 
the position gap resulting from vertical gap deltaX of a mask stage 3 and the plate stage 4 
and angle gap deltaT of the circumference of the z-axis other than the offset C at the time of 
the error r resulting from flatness difference deltah of both the long picture mirrors 7 and 8 
and rolling of carriage 2 and interferometer reset is further included in the measurement 
value of Interferometer Ick. Moreover, the amount of rolling contained in the measurement 
value of the interferometers Imy, Ipy, and Ick measured simultaneously is equal. Therefore, 
Ick (i-1) is expressed with the following formula. 



Ick(i-l) =deltah(i-l) +r (i) +C +deltaX(i-l) +deltaT(i-l) -H .... (6) 

[0026] Since vertical gap deltaX and angle gap deltaT are measured value, if they define 

Ick' by (7) formulas, (6) formulas will turn into (8) formulas. 

Iclc'(j) ** Ick(i)-deltaX(i)-deltaT(i) -H .... (7) 

Ick'(i-l) =deltah(i-l) +r (i) +C .... (8) 

(8) Among a formula, Ick' (i-1) is measured value, and the right-hand side's is strange. 
[0027] Furthermore, if (9) formulas define deltaH in order to eliminate the error r resulting 
from rolling of carriage 2, deltaH will become like (5) formulas and (8) formulas to (10) 
formulas. 

deltaH(i) **Iy(i)-Ick' (i-1) .... (9) 

deltaH(i) =deltah(i)-deltah(i-l)+A-B-C .... (10) 

(10) Among a formula, deltaH (i) is calculated from the measurement value of 
interferometers Imy, Ipy, Ick, Ixl, and 1x2, and the right-hand side's is strange. 
[0028] If the sum from i= 1 to i=k (k>=l) of deltaH (i) is set to S (k) and the position k of a 
long mirror is newly marked as a position i S(i) **deltaH(l)+deltaH [..(11a)] (2) + .... 
+de!taH (i) 

S(i) =deltah(l)-deltah(0)+A-B-C + deltah(2)-deltah(l)+A-B-C + ... + +deltah(i)-deltah(i- 

1)+A-B-C =deltah(i)-deltah (0) +(A-B-C) xi (i>=l) 

....(lib) 

It becomes, (lib) Among a formula, S (i) is measured value and the right-hand side's is 
strange, flatness difference delta[ of a long mirror / in / a position i / in this way (lib)/ 
from a formula ] / h (i) delta - h(i) =S(i)+deltah(0)-(A-B-C) xi (i>=l) 
....(12) 

It becomes. If it sets with S(0) **0 at the time of i= 0, (12) formulas will be realized also at 
the time of i= 0. 

[0029] (12) Among the right-hand side of a formula, S (i) is measured value and deltah (0) 
and x(A-B-C) i are unknowns. Among these, since deltah (0) is always fixed offset 
irrespective of the measurement position i of a long mirror, it does not become an error by 
amount of strike slips delta[ between a mask stage 3 and the plate stage 4 ] Y's (x)'s not 
changing, namely, carrying out alignment of a mask stage 3 and the plate stage 4 so that 
more clearly than (3) formulas. On the other hand, since x(A-B-C) i changes to alignment 
depending on the position i of a long mirror, it needs to ask for the coefficient (A-B-C). 
Then, how to ask for a coefficient (A-B-C) next is shown. 

[0030] First, as the 1st process, in order to measure S in (12) formulas (i), carriage 2 is 
scanned and the measurement value of each interferometer is measured. At this time, 
amount of vertical gaps deltaX between a mask stage 3 and the plate stage 4 is continuously 
measured by (1) formula like previous statement, and amount of angle gaps deltaT in a x-y 
side can scan carriage 2, keeping constant these amounts delta X and delta T of gaps, since 
it is continuously measured by (2) formulas. However, flatness difference deltah (x) is not 
only strange, but since discrete- value deltah (i) is strange, amount of strike slips deltaY 
cannot keep amount of strike slips deltaY constant. Then, first, carriage 2 is scanned 
without performing adjustment of a strike slip at all, and x= 0 at that time, L, 2xL, ixL, 
the measurement value Imy of Interferometers Imy and Ipy in .. (i), and Ipy (i) are 
measured. Subsequently, as the 2nd process, it asks for S (i) by the formula (11a). 
[0031] Subsequently, as the 3rd process, in order to calculate (A-B-C) in (12) formulas, the 
mask 40 for error measurement shown in drawing 3 is set to a mask stage 3, the plate for 
error measurement is set to the plate stage 4, and 1st scanning exposure is performed. 
However, although S in (12) formulas (i) became known, since the coefficient (A-B-C) is 
strange, it disregards this coefficient (A-B-C), namely, it is deltah(i) =S as a provisional 
formula of the flatness difference of both the long picture mirror (i) (13) 



********. Moreover, since i is a discrete value, it interpolates between deltah (i) and deltah 
(i+1) by the primary formula. That is, the relation between the measurement position i and 
the position x of the carriage 2 measured with Interferometer lex is expressed with the 
following formula when the value of the interferometer lex in a measurement starting 
position is set to 0. 
x=ixL .... (14) 

[0032] Therefore, provisional formula delta[ of the flatness difference of both the long 
picture mirror in case carriage 2 is between the measurement position i on a long mirror and 
i+1 ] h (x) is expressed with the following formula. 
deltah(x) = [deltah(i+l)-deltah (i)] x (x/L-i) 
+ deltah (i) ....(15) 

Carriage 2 is scanned asking for amount of strike slips deltaY between a mask stage 3 and 
the plate stage 4, and keeping constant this amount of strike slips deltaY by (3) formulas, 
since the estimate of the flatness difference of both the long picture mirror is continuously 
obtained by (13) formulas and (15) formulas in this way. 

[0033] Drawing 3 shows the mask 40 for error measurement, and two or more marks 41 are 
drawn by this mask 40 in the x directions at one train, and are drawn in the direction of y 
again at every interval L. As for the interval of the direction of y of a mark 41, it is 
desirable to make it in agreement with the measurement interval L in dispersed flatness 
measurement of both the long picture mirror. Drawing 4 shows the enlarged view of one 
mark 41, and is a pattern for exposure position detection. In this drawing, the slash section 
is a shading field and a cross-like portion is a light transmission field. Although the cross 
hair was used for exposure position detection here, what mark may be used as long as it is 
the mark which can detect an exposure position. Moreover, the alignment marks 42 and 43 
for masks of a couple and the alignment marks 44 and 45 for plates of a couple are drawn 
by the mask 40 for error detection, both the marks 42 and 43; - it shifts a little to the both 
sides of x directions and the direction of y, and 44 and 45 are arranged to them, as shown in 
drawing 3 

[0034] A plate is developed after scanning exposure of a mask 40. As shown in a plate 48 
at drawing 5 , the imprint mark (un-illustrating) of the alignment marks 42 and 43 for 
masks and the imprint marks 46 and 47 of the alignment marks 44 and 45 for plates other 
than the imprint mark 49 of two or more marks 41 are imprinted. Subsequently, both a 
mask 40 and a plate are rotated 90 degrees, it sets to a mask stage 3 and the plate stage 4, 
respectively, and alignment of the alignment marks 42 and 43 for masks on a mask 40 and 
the alignment mark imprint marks 46 and 47 for plates on a plate 48 is performed, namely, 
both the marks 42 and 43; - the relative position error of 46 and 47 - the alignment 
microscopes 12 and 13 - measuring ~ the mark motives 9-1 1 — driving — both the marks 
42 and 43; the position of 46 and 47 is doubled and 2nd exposure is performed after an 
appropriate time 

[0035] It shifts in the alignment marks 42 and 43 for masks on a mask 40, the alignment 
marks 44 and 45x for plates, and the direction of y a little, and is arranged, and alignment 
of the alignment marks 42 and 43 for masks and the imprint mark of the alignment mark for 
plates was carried out at the time of the 2nd exposure. Therefore, between the 1 st exposure 
and the 2nd exposure, it means that only the interval of the alignment marks 42 and 43 for 
masks and the alignment marks 44 and 45 for plates had shifted and exposed the mask 40 
and the plate 48. 

[0036] Consequently, the image 49 of two or more marks 41 obtained by two exposure 
turns into an image with two cross hairs, as shown in drawing 6 . The amount of gaps of the 
net between both cross hairs can be known by measuring the interval of both cross hairs 
under a microscope etc., and deducting the amount of position gaps of a mask 40 and a 



plate 48 from this measured value. Control of the jogging machines 9-11 is correctly 
controlled in the x directions, and is controlled by the provisional formula in the direction 
of y here. Therefore, between a mark 41 and its image, there is no gap in the x directions 
and only the error by having controlled by the provisional formula produces a position gap 
in the direction of y. Namely, in the 1st exposure, since there is no gap between a mark 41 
and its image in the x directions and it was rotating 90 degrees at the time of the 2nd 
exposure, speaking of the arrangement at the time of the 2nd exposure, there is no gap 
between a mark 41 and its 1st image in the direction of y. Moreover, between a mark 41 
and its 2nd image, only the error by having controlled by the provisional formula in the 
direction of y produces a position gap about the arrangement at the time of the 2nd 
exposure. Therefore, by measuring the amount of gaps of the net of the direction of y 
between both cross hairs, the error by having controlled by the provisional formula can be 
known. 

[0037] Subsequently, it asks for a coefficient (A-B-C) as the 4th process. Drawing 7 is 
drawing which took the position i of a mark 41 along the horizontal axis, and plotted the 
amount of position gaps of the net of the direction of y, i.e., a longitudinal direction, on the 

vertical axis. The amount of position gaps of lateral net is -deltah(0)+(A-B-C) xi (16) 

Since it becomes, if it asks for a regression line 50 from the point which drawing 7 plotted, 
the inclination will serve as a coefficient (A-B-C). It can ask for dispersed flatness 
difference deltah (i) of both the long picture mirror from (12) formulas in this way. 
[0038] In addition, in each measure point where control of the jogging machine in the 3rd 
process measured S (i), the right control is performed except for the point that x(A-B-C) i is 
disregarded. Therefore, as for the measure point which measures the net amount of strike 
slips, it is desirable to make it in agreement with the measure point when asking for S (i). It 
is because there is a possibility that elements other than x(A-B-C) i may be added when the 
net amount of strike slips is measured points other than the measure point when asking for 
S (i). In order to make in agreement the measure point which measures the net amount of 
strike slips, and the measure point when asking for S (i), it is necessary to make the interval 
of a mark 41 first in agreement with the measurement interval L when asking for S (i). 
Subsequently, what is necessary is to set a mask 40 by arrangement of the 2nd exposure, 
and just to let the place which moved carriage by the integral multiple of L be a criteria 
position from the place whose mark 41 on a mask 40 corresponds with an exposure 
position, in case you decide the criteria position of the scanning direction of carriage 2, in 
order to make the measure point itself in agreement. In addition, naturally you may reverse 
the sequence of the 1st exposure and the 2nd exposure. 

[0039] Moreover, when the measure point which measures the net amount of strike slips in 
this way, and the measure point when asking for S (i) are made in agreement, especially 
control of the jogging machine in the mid-position of each measure point does not pose a 
problem. Therefore, although between each measure point was only interpolated to 
alignment in this example, between each measure point can also be interpolated according 
to the actual flatness difference of both the long picture mirror, for example. Thus, the 
technique of interpolating between each measure point according to the actual flatness 
difference of both the long picture mirror is effective when it is difficult to make in 
agreement the measure point which measures the net amount of strike slips, and the 
measure point when asking for S (i). 

[0040] Moreover, by two exposure, it can replace with the method of measuring a position 
gap of the direction of y dispersedly, and a position gap of the direction of y can also be 
measured dispersedly as follows, without exposing. That is, as it is indicated in (b) as 
drawing 8 (a), to the mask [ for error measurement ] 60, and end side of the direction of y 
of a plate 61, two or more alignment marks 62 and alignment marks 63 are arranged in the 



x directions at intervals of L, respectively, and alignment mark 62b and alignment mark 
63b are arranged at the other end side of the direction of y, respectively. Positioning of a 
mask 60 and a plate 61 is performed by setting this mask 60 and plate 61 to a mask stage 
and a plate stage, respectively, carrying out alignment of one alignment mark 62a of two or 
more alignment marks 62 on a mask 60, and the one alignment mark 63a of two or more 
alignment marks 63 on a plate 61, and carrying out alignment of alignment mark 62b on a 
mask 60, and the alignment mark 63b on a plate 61 . 

[0041] Subsequently, amount of vertical gaps deltaX is correctly controlled by (1) formula, 
amount of angle gaps deltaT in a x-y side is correctly controlled by (2) formulas, and 
amount of strike slips deltaY scans carriage 2, controlling by (3) formulas using the 
provisional formula of the flatness difference of both the long picture mirror obtained by 
(13) formulas and (15) formulas. And the error of the direction of y of two or more 
alignment marks 62 on a mask 60 and two or more alignment marks 63 on a plate 61 is 
measured using the alignment microscope 12. A measurement end does not amend the error 
measured under the alignment microscope 12 in that case. If the position of the alignment 
marks 62 and 63 is taken along a horizontal axis and the measurement error of the direction 
of y is plotted on a vertical axis after an appropriate time, since the same result as drawing 
7 is obtained, it can ask for dispersed flatness difference deltah (i) of both the long picture 
mirror. 

[0042] Next, it asks for flatness difference delta[ of the long mirror in arbitrary positions ] h 
(x) by compounding the mirror-plane configuration of each long mirror 7 and 8 the very 
thing measured with dispersed flatness difference deltah (i) and the interferometer of both 
the long picture mirror as the 5th process. When flatness of the mask side long picture 
mirror 7 measured with the interferometer is set to km (x) and flatness of the plate side long 
picture mirror 8 is set to kp (x), flatness difference delta[ of both the long picture mirror in 
the posture measured with the interferometer ] k (x) is deltak(x) =km(x)-kp (x). 
It becomes. 

[0043] Composition with flatness difference delta[ of both the long picture mirror in the 
posture measured with dispersed flatness difference deltah (i) and the interferometer of both 
the long picture mirror ] k (x) each section [— it carries out by moving deltak (x) in the 
direction of y, and expanding or reducing in the direction of y so that deltak (x) may be 
divided into every i and i+1] and it may be in agreement with deltah (i) and deltah (i+1) at 
the ends of the section namely, — if movement magnitude added to deltak (x) for every 
section is set to sft (i) and the inclination added for every section is set to mag (i) delta ~ 
h(i) =deltak(x)+sft(i)+mag(i) x (x-ixL) 
[ixL<=x<=(i+l)xL] ....(17) 
It becomes. 

[0044] In x=ixL deltah(i) =deltak(ixL)+sft (i) .... (18) 

coming out - it is - x=(i+l) xL — setting — delta — h(i+l) =deltak(i+l) (xL)+sft(i)+mag(i) 
xL.... (19) 

Since come out and it is sft(i) =deltah(i)-deltak (ixL) .... (20) 
mag(i) =[deltah(i+l)-deltak (i+1) (xL) 
- DeltaH (I) +DeltaK(IxL)]/L .... (21) 
It becomes. 

[0045] therefore, continuous flatness difference deltah (x) of the long mirror in section 
ixL<=x<=(i+l) xL delta h(x) =deltak(x)+sft(i)+mag(i) x (x-ixL) 
.... (22) 

It becomes. However, sft (i) and mag (i) are given by (20) and (21) formulas, respectively. 
Furthermore, if sft (i) and mag (i) are calculated by the entire interval, it can ask for 
continuous flatness difference deltah (x) in arbitrary positions. 



[0046] In addition, the interval L of cube-corner-reflector 19c and reflecting mirror 21c 
which were fixed to the mask stage 3 or when the interval L of cube-corner-reflector 20c 
and reflecting mirror 21e which were fixed to the plate stage 4 is narrowed fairly Between 
dispersed flatness difference deltah (i) and deltah (i+1) of a long mirror which adjoin 
mutually can also be interpolated to alignment, without measuring continuously the 
configuration of both the long picture mirror 7 and 8 the very thing. Moreover, when the 
continuous flatness of a long mirror divides and is measured by enlargement of a long 
mirror, as for deltak used in the section [ixL<=x<=(i+l) xL] of (22) formulas (x), i.e., km, 
(x), and kp (x), what was obtained by the same measurement is desirable. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The perspective diagram showing the composition of one example of the 
scanned type aligner by this invention 

[Drawing 21 The plot plan when measuring the profile irregularity of a long mirror 
continuously 

[Drawing 3] The plan showing the mask used in order to measure the error produced by the 
provisional formula 

[Drawing 4] The enlarged view showing the mark used for the mask for error measurement 
[Drawing 5] The plan showing the plate with which the mark of the mask for error 
measurement was imprinted 

[Drawing 6] The enlarged view showing the image of the mark imprinted by two exposure 
[Drawing 7] Explanatory drawing showing the exposure distribution of errors 
[Drawing 81 The plan showing another (a) mask used in order to measure the error 
produced by the provisional formula, and the (b) plate 

[Drawing 9] It is the perspective diagram which expressed the scanned type aligner of 

drawing 1 partially. 

[Brief Description of Notations] 

1 - Stand 2 — Carriage 

3 Mask stage 4 Plate stage 

5 - Mask 6 - Plate 

7 — Long mirror for masks 8 - Long mirror for plates 

9, 10, 1 1 - Mark motive 12 13 — Alignment microscope 

14a-14e — Mask lighting field 1 5a - 15e plate exposure field 

Ixl, 1x2, lex, Imy, Ipy, Ick ~ Interferometer 

16a, 17a, 18a, 19a, 20a, 21a -- Beam splitter 

16b-16e, 17b-17e, 1 8b- 1 8e - Reflecting mirror 

19b, 20b, 21b-21e - Reflecting mirror 

1 9c, 20c - Cube corner reflector 

19d, 19e, 20d, 20 e-lambda / 4 board 

25 - Control unit 26 — Storage 

30 — Laser light source 31 — Beam expander 

32 — Lens 33 — One-way mirror 

34 - Rear face 35 ~ Reference side 

36 — Detector 

40 ~ Mask for error measurement 41 — Mark 

42 43 - Alignment mark for masks 

44 45 - Alignment mark for plates 

46 47 - Alignment mark imprint mark for plates 



48 — Plate for error measurement 49 — Mark imprint mark 
50 - Regression line 

60 — Mask for error measurement 61 — Plate for error measurement 
62 63 — Alignment mark 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawin g^] 
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[Drawing 9] 
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